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PALiEONTOGMPHICAL SOCIETY. 



VOLUME LX. 



COKTAIKIHe 



1. THE PLEISTOCENE BEARS. By Prof. S. H. Reynolds. Eight Platea. 

2. THE FISHES OP THE OLD RED SANDSTONE. Part II, No. 3. By Dr. R. H. Teaquaib. 

Five Plates. 

3. THE CRETACEOUS LAMELLIBRANCHIA. Vol. II, Part III. By Mr. H. Woods. Bight Plates. 

4. THE LOWER PALEOZOIC TRILOBITES OP GIRVAN. Part III, Title-page and Index. By 

Mr. P. R. CowpEB Rbbd. Seven Plates. 

5. THE CAMBRIAN TRILOBITES. Part I. By Mr. P. Lake. Two Plates. 

6. BRITISH GRAPTOLITES. Part V. By Miss Elles and Miss Wood. Edited by Pi-of. Lapwobth. 

Two Plates. 



ISSUED FOR 1906. 



LONDON: 
PttlNTED FOR THE PALiBONTOGRAPHICAL SOCIETY. 

AOKNTB rOB THE SOCIETY: 

DULAU AND CO., 87. SOHO SQUARE, W. 
DECEMBER, 1906. 



THE PALiEONTOGRAPHICAL SOCIETY was established in the year 
1 847, for the purpose of figuring and describing British Fossils. 

Each person subscribing One Guinea is considered a Meinbei- of the Society^ and 
is entitled to the Volume issued for the Year to which the Subscription relnf4:s. The 
price of the Volume to Non-snbscribers is Twenty-five Shillings net. 

Subscriptions are considered to be due on the 1st of January in each year. 

The Annual Volumes are now issued in two foiins of BiiuUng : 1st, with all 
the Monographs stitched together and enclosed in one cover ; 2nd, with each of the 
Monographs in a paper cover, and the whole of the separate parts enclosed in an 
envelope. Members wishing to obtain the Volume arranged in the latter form 
are requested to communicate with the Secretary. 

Most of the bach volumes are in stock. Monographs or parts of Monographs 
already published can be obtained, apart from the annual volumes, from Messrs. 
Dulau and Co., 37, Soho Square, London, W., who will forward a complete price 
list on application. 

Members desirous of forwarding the objects of the Society can be provided 
with plates and circulars for distribution on application to the Secretary, Dr. A. 
Smith Woodward, British Museum (Nat. Hist.), South Kensington, London, S.W. 

The following Monographs are in course of publication : 
The Fossil Sponges, by Dr. G. J. Hinde. 
The Graptolites, by Prof. Lapworth, Miss Elles, and Miss Wood. 

TheCamWa;ii:TAlolui(toifcy Mr.:tfti&Vl5a^ •'**• ' :\ 

The Fossil Echinodermata, Cretaceous, by Mr. W. K. Spencer. 

The Cretaceous Lamellibranchia, by Mr. H. Woods. 

The Inferior Oolite Ammonites, by Mr. S. S. Buckman. 

The Sirenoid Ganoids, the Palaeoniscid Fishes of the Carboniferous Formation, and 

the Fishes of the Old Red Sandstone, by Dr. R. H. Traquair. 
The Fishes of the English Chalk, by Dr. A. Smith Woodward. 
The Fauna of the Devonian Formation of the South of England, by the Rev. G. F. 

Whidbome. 
The Cornbrash Fauna, by the Rov. J. F. Blake. 



270vG56 



ANNUAL EEPOET 



OF THE 



PALiEONTOGRAPHICAL SOCIETY, 1906, 



WITH 



LIST 



OF 



%\t €mml 3ttnkm, m^ ^tinkrs 



AND 



A LIST OF THE CONTENTS OF THE VOLUMES ALREADY 

PUBLISHED. 



Council and Officers elected March, 1906. 



HENRY WOODWARD, Esq., LL.D., F.R.S., F.G.S. 

0itt-|rtsilJtnts. 

Rev. Canon Bonnby, D.Sc, F.R.S. I W. H. Hudleston, Esq.. M.A., F.R.S. 

G. J. HiNDE, Esq., Ph.D.. F.R.S. | E. T. Newton, Esq., F.R.S. 



(tonndl. 



F. A. Batheb, Esq., M.A., D.Sc, F.G.S. 

[Rev. J. F. Blake, M.A., F.G.S.*] 

H. W. BuBBOws, Esq., F.G.S. 

Miss Mabqabet Cbosfield. 

IJpFiBLD Gbeen, Esq., F.G.S. 

F. W. Habmbb, Esq., F.G.S. 

F. L. KiTCHiN, Esq., M.A., Ph.D., F.G.S. 

P. Lake, Esq., M.A., F.G.S. 

Thomas Lbiqhton, Esq., F.G.S. 



The Right Rev. Bishop Mitchinson, D.C.L. 

F. R. CowpEB Reed, Esq., M.A., F.G.S. 

Clement Reid, Esq., F.R.S. 

F. W. RuDLBB, Esq., I.S.O., F.G.S. 

W. P. D. Stebbino, Esq., F.G.S. 

A. Stbahan, Esq., M.A., F.R.S. 

Pkof. W. W. Watts, M.A., F.R.S. 

Rev. G. F. Whidbobne, M.A., F.G.S. 



G. J. HiNDE, Esq., Ph.D., F.R.S., F.G.S. 

Sttrttarg. 

A. Smith Woodwabd, Esq., LL.D., F.R.S., British Museum (Nat. Hist.), South Keiisingtou, 

Londou. S.W. 



focal Sttretaries. 

Baih—U^Y. H. H. Winwood, M.A., F.G.S. Hertfordshire —J . Hopkinson, Esq., F.G.S. 



Berlin — Messbs. Fbibdlandeb & Son. 
Oambridge^K. Woods, Esq., M.A., F.G.S. 
Cheltenham — L. Richabdson, Esq., F.G.S. 



Liverpool— Joseph Lomas, Esq., F.G.S. 
Oxford— V&OY, W. J. SoLLAS, F.R.S. 
Staffordshire— Dr, Whbelton Hind, F.G.S. 



♦ Deceased 7th July, 1906. 



ANNUAL KEPOET OF THE COUNCIL 

FOR THE NINE MONTHS ENDING Slsx DECEMBER, 1905. 

HEAD AND ADOPTBD AT THE 

ANNUAL GENERAL MEETING, 

HELD AT THE APARTMENTS OP THE GEOLOGICAL SOCIETY, BURLINGTON HOUSE, 

30th march, 1906. 

Dr. HENRY WOODWARD, F.R.S., President, 

IN THE CHAIB. 



In accordance with the Councirs resolution last year to balance the Society's 
accounts on 31st December instead of on 31st March as heretofore, their present 
Report refers only to the period of nine months between 1st April and 31st 
December, 1905. Notwithstanding this shortness of period, however, the Council 
have the gratification of recording a small balance in hand at the end of the year 
after paying the cost of the volume for 1905, Owing to the exceptional 
expenditure on recent volumes, it was necessary to reduce the plates to about the 
normal number, namely, twenty-eight altogether, of which eleven had already been 
drawn and paid for during previous years. The volume contains instalments of 
the Monographs of " Cretaceous Asteroidea," by Mr. W. K. Spencer (following the 
late Mr. Percy Sladen), of " Cretaceous Lamellibranchia," by Mr. H. Woods, and 
of " Inferior Oolite Ammonites," by Mr. S. S. Buckman ; also the first part of a 
new " Monograph of the Fauna of the Cornbrash," by Rev. J. F. Blake, and the 
title-page and index of the second volume of Dr. Wheelton Hind's " Monograph 
of Carboniferous Lamellibranchiata." 

The Balance Sheet does not admit of direct comparison with those of previous 



6 

years, but the Council regret to have to record serious losses among subscribers 
which they have not succeeded in making good. A most distinguished member. 
Dr. W. T. Blanford, F.R.S., died shortly after his election as Vice-President in 
June, 1905. Mrs. Percy Sladen, Rev. F. A. Walker, and Mr. W. H. Goss were 
also lost by death; while several libraries retired after a short period of subscription. 

The Coimcil desire to emphasise the importance of obtaining new subscribers 
to compensate for these losses, and are especially anxious to enlist the practical 
sympathy of all who are interested in the progress of Palaeontology. The 
Monographs offered for publication are still more immerous than the Council are 
able to accept, and the completion of current Monographs would be much 
facilitated by additional funds to provide the requisite illustrations. 

Thanks are due to the Geological Society for permission both to store the 
stock of back volumes and to hold the Council meetings and the Annual General 
Meeting in their apartments. 

In conclusion, it is proposed that the retiring members of Council be Messrs. 
BuUen, Hopkinson, and Sollas; that the new Vice-President be Mr. Hudleston; 
that the new members be Messrs. H. W. Burrows, Clement Reid, and W. W. 
Watts; that the President be Dr. Henry Woodward; the Treasurer, Dr. G. J. 
Hinde; and the Secretary, Dr. A. Smith Woodward. 

Annexed is the Balance-sheet. 
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LIST OF MEMBERS/ 



CORRECTED TO Ist SEPTEMBER, 1906. 



Aberdeen^ University Library. 

Adelaide (Australia) Public Library. 

Adlard^ R. E.^ Esq., Bartholomew Close. E.C. 

Allen, E. G., Esq., 28, Henrietta Street, Covent Garden. W.C. 

Allen, H. A., Esq., F.G.S., 28. Jermyn Street. S.W. 

Amherst College, Mass., U.S.A. 

Amsterdam, Royal Academy of Sciences. 

Anderson, Tempest, Esq., M.D., F.G.S., 17, Stonegate, York. 

Andrews, C. W., Esq., D.Sc, F.R.S., British Museum (Nat. Hist.), South Kensington. S.W. 

Arlecdon and Frizington Public Library, Frizington, Cumberland. 

Asher an<i Co, Messrs., 13, Bedford Street, Covent Garden, W.('. 

Avebury, Right Hon. Lord, 15, Lombard Street. E.C. 



Bakewell Naturalists' Club, per W. Storrs Fox, Esq., M.A., St. Anselm's, Bakewell. 

BAle (Switzerland), University Library. 

Balston, W. E., Esq., F.G.S., Barvin, Potter's Bar. 

Banks, W. H., Esq., Hergest Croft, Kington, Herefordshire. 

Barclay, F. H., Esq., F.G.S., The Warren, Cromer, Norfolk. 

Barnes, J., Esq., F.G.S., South Cliff House, Higher Broughton, Manchester. 

Bath, Royal Literary and Scientific Institution. 

Bather, F. A., Esq., M.A., D.Sc, F.G.S., British Museum (Nat. Hist.). S.W. 

Battersea Public Library, Lavender Hill. S.W. 

Bedford, His Grace the Duke of, K.G., Woburn Abbey, Bedfordshire. 

Bedford Literary Institute, Bedford. 

Belfast Linen Hall Library, Donegal Square North, Belfast. 

Belfast, Queen^s College. 

Bell, W. H., Esq., F.G.S., Cleeve House, Secnd, Melksham. 

Bell and Bradfiite, Messrs., 12, Bank Street, Edinburgh. 

Bergen (Norway), Museums Bibliothek. 

* The Members are requested to inform the Secretary of any errors or omissions in this list, and of any delay 
in the transmission of the Yearly Volumes. 



Berkeley, Right Hon. Earl of. The Heath, Bear's Hill, near Abingdon. 

Birkenhead Public Library, Birkenhead. 

Birley, Miss Caroline, 1+, Brunswick Gardens, Kensington. W. 

Birmingham Free Public Library, Ratcliff Place, Birmingham. 

Birmingham Library, Margaret Street, Birmingham. 

Birmingham, University Library. 

Blackburn Public Library, Blackburn. 

Blackmore, Humphrey P., Esq., M.D., F.G.S., Salisbury. 

Blathwayt, Lieut.-Col. Linley, Eagle House, Batheaston, Bath. 

Blundell, Harold, Esq., Fairlawn, Harpenden, Herts. 

Blyth, C. E., Esq., Siddington, Leamington. 

Bolton, Chadwick Museum. 

Bonn (Germany), Grological-Palaeontological Institute of the University. 

Bonney, Rev. Canon T. G., D.Sc, F.R.S., Vice-President, 9, Scroope Terrace, Cambridge. 

Bootle-cum-Linacre Public Library, Bootle, Liverpool. 

Bordeaux, University Library. 

Boston Society of Natural History, Boston, Mass., U.S.A. 

Boston Public Library, Boston, Mass., U.S.A. 

Boulogne-sur-Mer (France), Bibliotheque Communale. 

Bradley, F. L., Esq., F.G.S., Ingleside, Malvern Wells. 

Brighton and Hove Natural History Society, Brighton. 

Bristol Naturalists' Society, Geological Section, per B. A. Baker, Esq., 11, Westbury 

Park, Bristol. 
Bristol Public Museum and Reference Library, Queen's Road, Bristol. 
Bromley Naturalists' Society, 50, London Road, Bromley, Kent. 
Bromley Public Library, Tweedy Road, Bromley, Kent. 
Brown, Alexander Oestrand, Esq., 4, The Grove, Highgatc. N. 

Buchan-Hepburn, Sir Archibald, Smeaton- Hepburn, Preston Kirk, East Lothian. N.B. 
Bullen, Rev. R. Ashington, B.A., F.G.S., Englemoor, Heathside Road, Woking. 
Burrows, Henry W., Esq., F.G.S., 17, Victoria Street. S.W. 
Burslem Public Library, Burslem. 
Buxton Public Library, Town Hall, Buxton. 



Cambridge, Peterhouse. 

Cambridge Philosophical Society's Library, New Museums, Cambridge. 

Cambridge, St. John's College. 

Cambridge, Sidney Sussex College. 

Cambridge, Trinity College. 

Cambridge University Library. 

Cambridge, Sedgwick Museum. 

Canadian Geological Survey, Sussex Street, Ottawa, Canada. 

Capetown Geological Commission, South African Museum. 

Cardiff Public Library, Cardiff. 

Cardiff, University College of South Wales. 

Carlisle Public Library, Carlisle. 

Chelsea Public Library, Manresa Road. S.W. 

Cheltenham College, Cheltenham. 

Cheltenham Natural Science Society, Cheltenham. 
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Chester Society of Natural Science^ Chester. 
Chicago (U.S.A.), Newberry Library. 
Chicago (U.S.A.) Public Library. 
Chiswick Public Library, Chiswick. W. 

Christ Church Public Library, Black friars Road, South wark. S.K. 
Christiania (Norway), University Library. 
Cincinnati (U.S.A.) Public Library. 

Clarke, Mrs. Stephenson^ Brooke House, Haywards Heath, Sussex. 
Clermont-Ferrand (Prance), University Library. 
Clifton College, Clifton, Bristol. 

Clough, C. T., Esq., F.G.S., 28, Jermyn Street. S.W. 
Coates, Henry, Esq., F.L.S., Pitcullen House, Perth. 
Cobbold, E. S., Esq., F.G.S., Church Stretton, R.S.O., Shropshire. 
Coomaraswamy, A. K., Esq., B.Sc, F.L.S., F.G.S., Walden, Worplesdon, Guildford. 
Coombs, J. Ashton, Esq., F.G.S., Albion Lodge, Gloucester Road, Cheltenham. 
Cork, Queen's College. 
Cornell University, Ithaca, U.S.A. 
Coventry Free Public Library, Coventry. 
Crosfield, Miss Margaret, Undercroft, Reigate. 
Croydon Free Library, Croydon. 

Cullis, Prof. C. Gilbert, D.Sc, F.G.S., Royal College of Science, South Kensington. 
S.W. 



Darwin, W. E., Esq., F.G.S., 11, Egerton Place. S.W. 

Davis, Prof. J. R. Ainsworth, M.A., Univeisity College, Aberystwyth. 

Dawkins,Prof. W. Boyd, D.Sc, F.R.S., F.G.S., Fallowfield Houso, FiiHowfield, Manchester. 

Deane, Henry, Esq., P.L.S., Equitable Building, First Fh)or, George Street, Svdiiev, 

N.S.W. 
Delgado, Senhor J. F. N., Direccao dos Trabalhos geologicos, 113, Ruh do Arco a Jesus, 

Lisbon. 
Derby Free Library and Museum, Derby. 
Derham, Walter, Esq., 76, Lancaster Gate, Bayswater. W. 
Devon port Free Public Library, Devonport. 

Devonshire, His Grace the Duke of, K.Q., F.R.S., Devonshire House, Piccadilly. W. 
Dewsbury Public Free Library, Dewsbury. 
Dickinson, W., Esq., F.G.S., Warham Road, Croydon. 
Dickson, Edward, Esq., F.G.S., 17, Winckley Street, Preston. 
Dijon (France), University Library. 

Dixon, E., Esq., F.G.S., Museum of Practical Geology, Jcrinyn Street. S.W. 
Donald, Miss, Quarry Hill, near Mealsgate, vid Carlisle. 
Doncaster Borough Free Library, Doncaster. 
Dorset County Museum Library, Dorchester. 
Dowson, E. T., Esq., F.R.M.S., Geldeston, Bcccles. 
Drake, Henry C, Esq., 45, Witham, Hull. 
Drew, Dr. J., F.G.S., Montrose, Battledown, Cheltenham. 
Dublin, National Library. 

Dublin, Royal College of Science for Ireland, Stephen's Green. 
Dublin, Royal Irish Academy, 19, Dawson Street. 
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Dublin^ Triuity College. 

Ducie^ liight Hon. Karl of^ F.li.S.^ Tortwortli Courts Gloucestershire. 

Dudley and Midland Geological and Scientific Society and Field Club. 

Dundee Free Library, Dundee. 

Durham, tlie Dean and Chapter of (by C. liowlandson, Esq., The College, Durham). 



Edinburgh Geological Society, India Buildings^ George IV Bridge, Edinburgh. 

Edinburgh, lloyal Scottish Museum, Argyle Square, Edinburgh. 

Edinburgh Public Library, Edinburgh. 

Edinburgh, Royal Society of. 

Edinburgh, University of. 

Epsom College, Epsom. 

Eton College, Windsor, jper M. D. Hill, Esq., M.A. 

Evans, Sir John, K.C.B., D.C.L., F.ll.S., F.G.S., Nash Mills, Hemel Hempstead. 

Exeter, Royal Albert Memorial Public Library, Queen Street. 



Folkestone Public Library and Museum, Folkestone. 

Foord, Dr. A. H., F.G.S., Royal Dublin Society, Dublin. 

Fortey, Charles, Esq., Abbey Villa, Ludlow. 

Foulerton, Dr. J., 44, Pembridge Villas, Bayswater. W. 

Fox, Howard, Esq., F.G.S., Falmouth. 

Fraser, John, Esq., M.A., M.D., F.R.C.S.Edin., F.G.S., Chapel Ash, Wolverhampton. 

Friedlander, Messrs., Local Secrelaties, 11, Carlstrasse, Berlin. 

Fuller, Rev. A., M.A., The Lodge, 7, Sydenham Hill. S.E. 



Galashiels, N.B., Public Library. 

Galway, Queen^s College. 

Garwood, Prof. E. J., M.A., F.G.S., University College, Gower Street. W.C. 

Gascoigne, Major Trench, Lotherton Hall, Aberford, Leeds. 

Gateshead-on-Tyne Public Library, Gateshead-on-Tyue. 

Gaudry, Prof., Membre de PInstitut, F.M.G.S., Museum d^Histoire Naturelle, Paris. 

Geikie, Sir Archibald, LL.D., Sec.R.S., 3, Sloane Court. S.W. 

Gibson, Mis9, Hill House, Saffron Walden. 

Gillett Geological Trust, Street, Somerset. 

Gilmour, M., Esq., F.Z.S.. Saffronhall House, 1, Windmill Road, Hamilton. N.B. 

Glasgow, Geological Society, 150, Hope Street. 

Glasgow, Mitchell Library, 21, Miller Street. 

Glasgow, Royal Philosophical Society, 207, Bath Street. 

Glasgow Public Museum, Kelvingrove. 

Glasgow, University of. 

Gloucester Free Public Library. 

Gosselet, Prof. J., 159, Rue BrAle-Maison, Lille, France. 

Great Yarmouth Public Library. 

Green, Upfield, Esq., F.G S., 8, Bramshill Road, Harlesden. N.W. 

Greenly, Edward, Esq., F.Cj.S., Aclmashean, near Bangor. 

Gregory, Prof. J. W., D.Sc, F.R.S., The University, Glasgow. 
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Ilaileybury College, near Hertford. 

Halifax Free Public Library, Halifax. 

Hamiltou, 11. H., Esq., 9, Suunysidc Villas, Canterbury lloiid, Ley ton. N.K. 

Hainmerstnith Free Public Library, llaveuscourt Park, liaiiniiersmith. VV. 

Ilampstead Public Library, Fiuchley Road, Hanipstead. N.W. 

Ilaiidsworth Public Library, Birmingham. 

Hannah, U., Esq., F.G.S., 82, Addison Road, Kensington. \V. 

Ilarker, Alfred, Esq., M.A., F.R.S., St. John's College, Cambridge. 

Harley, Dr. John, F.L.S., Beedings, Pulborough, Sussex. 

Harmer, F. W., Esq., F.G.S., Oakland House, CringlcfonI, near Norwich. 

Hawick Public Library, Hawick. N.B. 

Heidelberg (Germany), University Library. 

Hereford Public Library. 

Hill, Rev. Edwin, M.A., F.G.S., The Rectory, Cockfield, Bury St. Edmunds. 

Hill, Wm., Esq., F.G.S., The Maples, Hitchin. 

Hind, Wheelton, Esq., M.D.Lond., F.R.C.S., F.G.S., Roxeth House, Stoke-on-Trent. 

Hinde, Geo. J., Esq., Ph.D., F.R.S., Treasurer and Vicc-Preitident, 21, Avoudale Road^ 

South Croydon. 
Hodges, Figgis, and Co., 104-, Grafton Street, Dublin. 

Holcroft, Sir Charles, The Shrubbery, Summerhill, Kingswinford, near Dudley. 
Ilooley, R. W., Esq , F.G.S., Ashtou Lodge, PortswooJ, Southampton. 
Hopkinson, John, Esq., F.L.S. , F.G.S., Local Secretary, Wcetwood, Watford. 
Hove Public Library, Hove, Brighton. 

Howe, J. Allen, Esq., F.G.S., Museum of Practical Geology, Jermyn Street. S.W. 
Howse, Sir H. G., M.S., F.R.C.S., The Tower House, Cudham, near Sevenoaks, Kent. 
Hudleston, W. H., Esq., F.R.S., F.G.S., Vice-rresichitt, 8, Stanhope Gardens. S.W. 
Hughes, Prof. T. M'K., M.A., F.R.S., Sedgwick Museum, Cambridge. 
Hull Public Library, Hull. 

Hutchinson, Rev. H. N., F.G.S., 94, Fellowes Road, Hampstead. N.W. 
Huttou, Miss Mary, Harescombe Grange, Stroud, Gloucestershire. 



India, Geological Survey of, Calcutta. 

Ipswich Museum, Ipswich. (F. Woolnough, Esq., Secretary.) 

Isle of Man Natural History Society, Ramsey, Isle of Man. 



Johnes, Mrs., and Lady E. Hills, Dolau Cothy, Llandeilo, R.S.O., South Wales. 

Johns Hopkins University, Baltimore, U.S.A. 

Johnson, E., Esq., 6^, Bickcnhall Mansions, Gloucester Place. W^ 

Jukes- Browne, A. J., Esq., B.A., F.G.S., Floriston, Cleveland Road, Torquay. 

Kettering Public Library, Kettering. 

Kilmarnock Public Library, Kilmarnock. N.B. 

Kirkby, Richard, Esq., Lindisfarne, Levcii, Fife. 

Kirkcaldy Naturalists' Society; David Kinloch, Esq., Hon. Sec, 3, Little Lane, High Street, 

Kirkcaldy. N.B. 
Kitchiu, F. L., Esq., M.A., Ph.D., F.G.S., Geol. Survey of England, 28, Jermyn Street. S.W. 
Knipe, H. R., Esq., 9, Linden Park, Tunbridge WelLs. 



13 



Lake, P., Esq., M.A., F.G.S., St. John's College, Cambridge. 

Lancaster Public Library, Lancaster. 

Lang, W. D., Esq., M.A., British Museum (Nat. Hist.), South Kensington. S.W. 

Lapworth, Prof. Charles, LL.D., F.li.S., University of Birmingham. 

Lausanne (Switzerland), Musee Geologique. 

Leeds Philosophical and Literary Society, Leeds. 

Leeds Public Library, Leeds. 

Leeds University. 

Leek, Staffordshire, Nicholson Institute. 

Leicester Town Museum, Leicester. 
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Dawkins and W. A. Sanford (pp. i— 1, 1 — 28, pis. i — v). 
Title-pages, <&c., to the Mon<>gi*aphs on the Reptilia of the London Clay, Cretaceous, 

and Wealden Formations. 

' The Crag Foi*aminifera, Part 1, by Messrs. T. Rupert Jones, W. K. Parker, and 

H. B. Brady (pp. i— vi, 1 — 72, pis. i — iv). 
Supplement to the Fossil Corals, Part I, Tertiary, by Dr. Duncan (pp. i — iii, 1 —66, 

pis. i— x). 
The Fossil Merostomata, Parti, Pterygotus, by Mr. H. Woodward (pp. 1—44, pis. i — ix). 
The Fossil Brachiopoda, Vol. HI, Pait VII, No. 1, Silurian, by Mr. Davidson (pp. 1—88, 

pis. i — xii). 

^ Supplement to the Foaail Corals, Part IV, No. 1, Liassic, by Dr. Duncan (pp. i — iii, 

1 — i-if pis. i — xi). 
The Trilobites of the Silurian, Devonian, «&c., Formations, Part IV (Silurian), by Mr. 

J. W. Salter (pp. 177—214, pis. xxv*— xxx). 
The Fossil Bi-acliiopoda, Vol. Ill, Part VII, No. 2, Silurian, by Mr. Davidson (pp. 

89-168. pis. xiii— xxii). 
The BelenmitidsB, Pai-t III, Liassic Belemnites, by Prof. Phillips (pp. 53 — 88, pis. 

viii — XX). 

' Flora of the Carboniferous Strata, Part I, by Mr. E. W. Binney (pp. 1—32, pis. i — vi). 
Supplement to the Fossil Coiiils, Part IV, No. 2, Liassic, by Dr. Duncan (pp. 45—73, 

pis. xii — xvii). 
The Fossil Echinodermata, Cretaceous, Vol. I, Part II, by Dr. Wright (pp. 65—112, 

pis. ix, X, xii — xxi, xxi A, xxi B). 
The Fishes of the Old Red Sandstone, Part I, by Messrs. J. Powrie and E. Ray 

Lankester (pp. 1—32, pis. i — v). 
The Pleistocene Mammalia, Part II, Felis spelsa, continued, by Messrs. W. Bojd 

Dawkins and W. A. Saniord (pp. 29—124, pis. vi— xix). 

* From 1865 onwards the Volumes are issued in two forms of binding : first, with all the Monographs stitched together and 
enclosed in one cover ; secondly, with each of the Monographs separate, and the whole of the separate parts placed in an 
envelope. The previous Volumes are not in separate -psata. 



„ XVIll. Issued April, 1866, 
for the Year 1864 1 



X1X.» Issued Dec, 1866, 
for the Year 1865 



XX. 



Issued June, 1867, 
for the Year 1866 ' 



XXI. Issued June, 1868, 
for the Year 1867 ^ 
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Vol. XXII. Issued Feb., 1861), 
for the Year 18(58 "^ 



' Suppleiucut to the Fossil Corals, Pai-t II, No. 1, Cretaceous, by Br. Duacau (pp. 1—26, 

pis. i — ix) 
Tbe Fossil Merostomata, Part II, Pterygotus, by Mr. H. Woodward (pp. 45—70, pU. 

X — xv). 
The Fossil Bracliiopoda, Vol. Ill, Part VII, No. 3, Silurian, by Mr. Davidson (pp. 

169 — 24?8, pis. xxiii — xxxvii). 
The Bolemuitidad, Part IV, Liassic and Oolitic Belemnites, by Prof. Phillips (pp. 

89-108, pis. xxi -xxvii). 
The Reptilia of the Kimmeridge Clay, No. 3, by Prof. Owen (pp. 1—12, pis. i -iv). 
The Pleistocene Mammalia, Part III, Felis spelaea, concluded, with F. lynx, by 

Messi-s. W. Boyd Dawkins and W. A. Sanford (pp. 125— 176, pis. xx — xxii, 

xxiiA, xxiiB, xxiii). 



„ XXni. Issued Jan., 1870,^ 
forthe Year 1869' 



' Supplement to the Fossil Corals, Part II, No. 2, Cretaceous, by Dr. Duncan (pp. 27—46, 

pis. X — XV). 

The Fossil Echinodermata, Cretaceous, Vol. I, Part III, by Dr, Wright (pp. 113—136, 

pis. xxii — xxix, xxix a, xxix b). 
The Belemnitida), Part V, Oxford Chiy, &c., Belemnites, by Prof. Phillips (pp. 109—128, 

pis. xxviii — xxxvi). 
The Fishes of the Old Red Sandstone, Part I (concluded), by Messrs. J. Powrie and 

E. Ray Lankester (pp. 33—62, pis. vi — xiv). 
The Reptilia of the Liassic Formations, Part II, by Prof. Owen (pp. 41 — 82, pis. 

xvii— xx). 
^ The Crag Cetacea, No. 1, by Prof. Owen (pp. 1 — 40, pis. i— v). 



XXIV. Issued Jan.. 1871. 
for the Year 1870 



^ The Flora of the Carboniferous Strata, Part II, by Mr. E. W. Binney (33—62, pis. 

vii— xii). 
The Fossil Echinodermata, Cretaceous, Vol. I, Part IV, by Dr. Wright (pp. 137-160, 

pis. XXX — xxxix). 
The Fossil Brachiopoda, Vol. Ill, Part VII, No. 4, Silurian, by Mr. Davidson (pp. 

249— 397, pis. xxxviii-l). 
The Eocene MoUusca, Part IV, No. 3, Bivalves, by Mr. S. V. Wood (pp. 137—182, pis. 

xxi — xxv). 
The Fossil Mammalia of the Mesozoic Formations, by Prof. Owen (pp. i — vi, 1 — 115, 

pis. i — iv). 



XXV. Issued June, 1872, 
for the Year 1871 



The Flora of the Carboniferous Strata, Part III, by Mr. E. W. Binney (pp. 63— 96, pis 

xiii — xviii). 
The Fossil Merostomata, Part III, Pterygotus and Slimonia, by Mr. H. Woodward 

(pp. 71—120, pis. xvi— xx). 
Supplement to the Crag MoUusca, Part I (Univalves), by Mr. S. V. Wood, with an 

Introduction on the Crag District, by Messrs. S. V. Wood, jun., and F. W. 

Harmer (pp. i — xxxi, 1 —98, pis. i — vii, and map). 
Supplement to the Reptilia of the Wealden (Iguanodon), No. IV, by Prof. Owen 

(pp. 1—15, pis. i — iii). 
The Pleistocene Mammalia, Part IV, Felis pardus, Ac, by Messrs. W. Boyd Dawkins 

and W. A. Sanford (pp. 177—194, pis. xxiv, xxv). 
The Pleistocene Mammalia, Part V, Ovibos moschatus, by Mr. W. Boyd Dawkins 

(pp. 1—30, pis. i— v). 



., XXVI. Issued Oct., 

for the Year 1872 



,.,1872,1 ^ 



Supplement to the Fossil Corals, Part III (Ooliiic), by Prof. Duncan (pp. 1 — 24, pis. 

i — vii), with an Index to the Tertiary and Secondary Species. 
The Fossil Echinodermata, Cretaceous, Vol. I, Part V, by Dr. Wright (pp. 161—184, 

pis. xl — xliv). 
The Fossil Merostomata, Part IV (Stylonurus, Eurypterus, Hemiaspis), by Mr. H. 

Woodward (pp. 121—180, pis. xxi— xxx). 
^ The Fossil Trigonia), No. I, by Dr. Lycett (pp. 1—52, pis. i— ix). 
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Vul.XXVlI. I88ucd Fob., 1874, 
for the Year 1873 



Tbe Fossil EcLiiioderuiata, Cretaceous, Vol. I, Part VI, by Dr. Wright (pp. 185-224, 

pis. xlv — Hi). 
Siipplenient to tbe Fossil Bi-acbiopoda, Vol. IV, Part I (Tertiai-y and Cretaceous), by 

Mr. Davidson (pp. 1 — 72, pis. i — viii). 
Supplement to tbe Ciag Mollusca, Part II (Bivalves), by Mr. S. V. Wood (pp. 99-231, 

pis. viii — xi, and add. plate). 
Supplement to tbe lieptilia of tbe Wealden (Iguanodon), No. V, by Prof. Owen 

(pp. 1 — 18, pis. i. ii). 
Supplement to tbe Reptilia of tbe Wealden (Hylaiocbampsa), No. VI, by Pi*of. Owen 

(pp. 1—7). 
Tbe Fossil Reptilia of tbe Mesozoic Formations, Part I, by Prof. Owen (pp. 1—14, 

pis. i, ii). 



XXV III. Issued July,1874. 
for tbe Year 1874 



' Tbe Post-Tertiary Entomostraca, by Mr. G. S. Brady, B^v. H. W. Crosskey, and Mr. 

D. Ilobertson (pp. i — v, 1—232, jils. i — xvi). 
Tbe Carboniferous Entomostraca, Part I (Cypridinidai), by Prof. T. Rupert Jones 

and Messrs. J. W^. Kirkby and G. S. Brady (pp. 1 — 56, ])ls. i — v). 
Tbe Fossil Trigonia), No. II, by Dr. Lycett (pp. 53--92, pis. x— xix). 



XXIX. Issued Dec. 1875, 
for tbe Year 1875 



' Tbe Flora of tbe Carboniferous Strata, Part IV, by Mr. E. W. Binney (pp. 97—147, 

pis. xix — xxiv). 
Tbe Fossil Ecbin(»dermata, Cretaceous, Vol. I, Part VII, by Dr. Wrigbt (pp. 225—264. 

)»l8. liii — Ixii). 
Tbe Fossil Ti-igonia), No. Ill, by Dr. Lycett (pp. 93- 148, pis. xx-xxvii). 
Tbe Fossil Reptilia of tbe Mesozoic Formations, Part II, by Prof. Owen (pp. 15 — 94. 

pl«. iii — xxii). 



XXX. Issued Dec, 1876, 
for tbe Ytar 18' 



"1 



Tbe Carboniferous and Permian Foraminifera (tbe genus Fusulina excepted), by Mr. 

H. B. Brady (pp. 1—166, pis. i— xii). 
Supplement to tbe Fossil Bracbiopoda, Vol. IV, Part II, No. 1 (Juitissic Jind Triassic), 

by Mr. Davidson (pp. 73 — 144, pis. ix— xvi). 
Supplement to tbe Reptilia of tbe Wealden (Poikilopleuron and Cbondrosteosaurus), 

No. VII, by Prof. Owen (pp. 1—7, pis. i— vi). 



XXXr. Issued Feb.,1877, 
for tbe Year 1877 



' Supplement to tbe Eocene Mollusca (Bivalves), by Mr. S. V. Wood, 2 plates. 
Tbe Fossil Trigoniaj, No. IV, by Dr. Lycett (pp. 149—201^, pis. xxviii— xl). 
Tbe Eocene Mollusca (Univalves), Part IV, by Mr. S. V. Wood (pp. 331—361, pi. xxxiv). 
Tbe Carboniferous Ganoid Fisbes, Part I (Palaeoniscida)), by Dr. Traquair (pp. 1 — 60, 

pis. i — viij. 
Tbe Fossil Reptilia of tbe Mesozoic Formations, Part III, by Prof. Owen (pp. 95—97, 
pis. xxiii, xxiv). 
, Tbe Fossil Elepbants (E. antiquus). Part I, by Prof. Leitb Adams (pp. 1 — 68, pis. i — v). 



XXXII. Issued Mar.,1878,, 
for tbe Year 1878 



Tbe Fossil Ecbinodermata, Cretaceous, Vol. I, Part VIII, by Dr. Wrigbt (pp. 265— 300, 

pis. Ixii A, ixiii— ixix). 
Index and Title Page to tbe Fossil Ecbinodermata, Oolitic, Vol. I (Ecbinoidea), by Dr. 

Wrigbt (pp. 469—481). 
Tbe Fossil Merostomata, Part V (Neolimulus, &c.), by Dr. H. Woodward (pp. 181—263, 

pis. XX xi — XXX vi, and title-page). 
Supplement to tbe Fossil Bi-acliiopoda, Vol. IV, Part II, No. 2 (Jurassic and Triassic), 

by Mr. Davidson (pp. 145—242, pis. xvii— xxix). 
Tbe Lias Ammonites, Part I, by Dr. Wright (pp. 1 — 48, pis. i— viii). 
The Sirenoidand Crossopterygian Ganoids, Part I, by Prof. Miall (pp. 1—32, pis. i, i A, 

ii — v). 
Supplement to tbe Reptilia of the Wealden (Goniopholis, Petrosuchus, and Sucbo- 

saurus). No. VIII, by Prof. Owen (pp. 1—15, pis. i — vi). 
The Pleistocene Mammalia, Part A (Preliminary Treatise), by Prof. Boyd Dawkino 

(pp. i — xxzviii). 
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VoLXXXIIT. Issued Maya879, 
for the Year 1879 ^ 



XXXIV. Issued May,1880, 
tor the year 1880 



The Eocene Flora, Yol. I, Pai*t I, by Mr. J. S. Gardner and Baron Eltingshausen (pp. 

1—38, pis. i— v). 
Second Supplement to the Crag MoUusca (Univalves and Bivalves), by Mr. S. V. Wood 

(pp. i, ii, 1 — 58, pis. i — vi, and title-page). 
The Fossil Trigoniae, No. V, by Dr. Lycett (pp. 205—245, pi. xli, and title-page). 
The Lias Ammonites, Part II, by Dr. Wright (pp. 49 — 164, pis. ix— xviii). 
Supplement to the Reptiiia of the Weal den (Goniopbolis, Brachydectes, Nannosuchus, 

Thoriosuchus, and Nuthetes), No. IX, by ^rof. Owen (pp. 1 — 19, pis. i— iv). 
The Fossil Elephants (E. primigenius). Part II, by Prof. Leith Adams (pp. 69—146, 
Vw pis. vi — xv). 

' The Eocene Flora, Yol. I, Part II, by Mr. J. S. Gardner and Baron Ettiugshauscn 

(pp. 39—58, pis. vi— xi). 
The Fossil Echinodermata, Oolitic, Vol. II, Part III (Asteroidea and Ophiuroidea), 

by Dr. Wright (pp. 155—203, pis. xix — xxi, pp. i — iv, and title-page). 
Supplement to the Fossil Brachiopoda, Vol. IV, Part III (Permian and Carboniferous), 

by Mr. Davidson (pp. 243—316, pis. xxx — xxxvii). 
The Lias Ammonites, Part III, by Dr. Wright (pp. 165 -26 1. pis. xix— xl). 
The Reptiiia of the London Clay, Vol. II, Part I (Chelone), by Prof. 0»ven (pp. 1—4, 

pis. i, ii). 



XXXV. Issued May,1881, 
for the Year 1881 



XXXVI. l8siiedJune,1882, 
for the Year 1882^ 



f The Fossil Echinodermata, Cretaceous, Vol. I, Part IX. by Dr. Wright (pp. 301—324, 

pis. Ixx — Ixxv). 
Supplement to the Fossil Brachiopoda, Vol. IV, Part IV (Devonian and Silurian, 

from Budleigh-Salterton Pebble Bed), by Mr. Davidson (pp. 317— 3t>8, pU. 

xxxviii— xlii). 
The Fossil Trigonite (Supplement No. 1), by Dr. Lycett (pp. 1 —4). 
The Lias Ammonites, Part IV, by Dr. Wright (pp. 265—328, pis. xxii a., xxii b, 

xli — xlviii). 
The Reptiiia of the Liassic Formations, Part III, by Prof. Owen (pp. 83 — 134, pis. 

xxi — xxxiii, and title-page). 
The Fossil Elephants (E. primigenius and E. meridionalis). Part HI, by Prof. Leith 

Adams (pp. 147—265, pis. xvi — xxviii, and title page). 

The Eocene Flora, Vol. I, Part III, by Mr. J. S. Gardner and Baron Ettingshausen 

(pp. 59—86, pis. xii, xiii, and title-page). 
Third Supplement to the Crag Mollusca, by the late Mr. S. V. Wood (pp. 1—24, pi. i). 
The Fossil Echinodermata, Cret., Vol. I, Part X. by Dr. Wright (pp. 325-371, pis. 

Ixxvi — Ixxx, and title-page). 
Supplement to the Fossil Brachiopoda, Vol. IV, Part V, by Dr. Davidson (pp. 369—383, 

and title-page). 
Do., Vol. V, Part I (Devonian and Silurian), by Dr. Davidson (pp. 1 — 134, pis. 

i — vii). 
The Lias Ammonites. Part V, by Dr. Wright (pp. 329— iOO, pis. xlix— Hi, Hi a. 

liii— Ixix). 



The Eocene Flora, Vol. II, Part I, by Mr. J. S. Gardner (pp. 1 —60, pis. i— ix). 
The Trilobites of the Silurian, Devonian, Ac., Formations, Part V. by the late Mr. J. W. 
Salter (pp. 215—224, and title-page). 
vv wTf T Ar\ i. 1QQQ ^hc Carbouiferous Trilobites, Part I, by Dr. H. Woodward (pp. 1—38. pla. i — vi). 
.. XXX Vll Issued Uct.,188J, I Supplement to the Fossil Brachiopoda, Vol. V. Part If (Silurian), by Dr. Davidson 
for the Year 18831 ^^ (pp. 135-242. pl«. viii-x vii). 

The Fossil Trigonia) (Supplement No. 2), by the late Dr. Lycett (pp. 5—19, pis. i— iv, 
and title-page). 
[ The Lias Ammonites, Part VI, by Dr. Wright (pp. 401 — 440, pis. Ixx— Ixxvii). 



., XXXVIII. IssuedDec.,1884. 
for the Year 1884' 



The Eocene Flom. Vol. II, Part 11, by Mr. J. S. Gardner (pp. 61—90, pis. x— xx). 
The Carboniferous Eutomostraca. Part I, No. 2, by Prof. T. Rupert Jones. Mr. J. W. 

Kirk by. and Prof. G. S. Brady (pp. i — iii, 57 — 92, pis. vi, vii, and titk*-page). 
The Carbonif«»ruu8 Trilobites, Part II, by Dr. H. Woodward (pp. 39—^6, pU. vii— x. 

and title-pa*;e). 
Supplement to the Fossil Brachiopoda, Vol. V, Part III, by Dr. Davidson (pp. 243 —476, 

pis. xviii — xxi, and title-page). 
, The Lias Ammonites, Part VII, by Dr. Wright (pp. 441—480, pis. Ixxviii— Ixxxvii). 
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for the Year 1885^ 



CATALOOUE OF VOLUMES-Continued. 

' The Eocene Florn, Vol. II, Part III, by Mr. J. S. Gardner (pp. 91—159. pit. 

xxi— xxvii. and title-page). 
The Stromatoporoids, Pai-t I, by Prof. Alleyne Nicholson (pp. i—iii, 1—130, pis. i—xi). 
The Fossil Brachiopoda (Bibliography), Vol. VI (pp. 1—163). by the late Dr. Davidson 

and Mr. W. H. Dalton. 
The Lias Ammonites, Part VIII, by the late Dr. Wright (pp. 481—503, pi. Ixxxviii. and 

title-page). 



XL. Issued Mar.,l}>87. 
for the Year 1886 " 



' The Morphology and Histology of Stigraaria Ficoides, by Prof. W. 0. Williamson 
(pp. i— iv, 1 — 62, pis. i— xv). 

The Fossil Sponges, Part I, by Dr. G. J. Hinde (pp. 1—92. pis. i— viii). 

The Jurassic Gasteropoda, Part I, No. 1. by Mr. W. H. Hudleston (pp. 1 — 56). 

The Inferior Oolite Ammonites, Part I, by Mr. S. S. Buckman (pp. 1 — 24, pis. i— vi). 
^ The Pleistocene Mammalia, Part VI. by Prof. Boyd Dawkins (pp. 1—29, pis. i— vii). 



XLL Issued Jan., 1888, 
for the Year 1887 



' The Fossil Sponges, Part II, by Dr. G. J. Hinde (pp. 93—188, pi. ix). 
The Pala?ozoic Phyllopoda, Part I, by Prof. T. H. Jones and Dr. Woodwai-d (pp. 1—72. 

pis. i— xii). 
The Jurassic Gasteropoda, Part I, No. 2, by Mr. W. H. Hudleston (pp. 57—136, pis. 

i— vi). 
The Inferior Oolite Ammonites, Part II, by Mr. S. S. Buckman (pp. 25 — 56, pis. 

vii— xiv). 



XLII. Issued Mar.,1889. 
forthe Year 1888 



r The Sti*oniatoporoids, Part II, by Prof. Alleyne Nicholson (pp. 131 — 158, pis. xii — 

xix). 
The Tertiary Entomostraca (Supplement), by Prof. T. Rupert Jones and Mr. C. D. 

Sherborn (pp. 1 — 55, pis. i — iii). 
The Jurassic Gasteropoda, Part I, No. 3, by Mr. W. H. Hudleston (pp. 137—192, pis. 

vii — xi). 
The Inferior Oolite Ammonites, Part III, by Mr. S. S. Buckman (pp. 57 — 144, pis. xv, 

xxiii a). 
The Devonian Fauna of the South of England, Part I, by the Rev. G. P. Whidborne 

(pp. i, ii, 1 — 46, pis. i— iv). 
Title-pages and Prefaces to the Monographs on the Reptilia of the Wealden and 

Purbeck (Supplements), Kimmeridge Clay, and Mesozoic Formations, and 

on the Cetacea of the Red Crag. 



XLIII. Issued Mar., 1890, 
for the Year 1889 



The Cretaceous Entomostraca (Supplement), by Prof. T. Rupert Jones and Dr. G. J. 

Hinde (pp. i— viii, 1 — 70, pis. i — iv). 
The Jurassic Gasteropoda, Part L No. 4, by Mr. W. H. Hudleston (pp. 193—224, pis. 

xii — xvi). 
The Inferior Oolite Ammonites, Part IV, by Mr. S. S. Buckman (pp. 145 — 224, pis. 

xxiv—xxxvi). 
The Devonian Fauna of the South of England, Part II, by the Rev. G. F. Whidborne 

(pp. 47—154, pis. V — viii, viii A, ix — xv). 



XLIV. Issued Apr., 1891, 
for the Year 1890 



The Stromatoporoids, Part III, by Prof. Alleyne Nicholson (pp. 159 — 202, pis. xx — xxv). 
The Fossil Echinodermata, Cretaceous, Vol. II, Part I ( Asteroidea), by Mr. W. Percy 

Sladen (pp. 1—28, pis. i— viii). 
The Inferior Oolite Ammonites, Part V, by Mr. S. S. Buckman (pp. 225-256, pis. 

xxxvii — xliv). 
The Devonian Fauna of the South of England, Part III, by the Rev. G. F. Whidborne 

(pp. 155 — 250, pis. xvi— xxiv). 
, Title-pages to the Supplement to the Fossil Corals, by Prof. Duncan. 



XLV. Issued Feb.,1892, 
for the Year 1891 



( The Jurassic Gasteropoda, Part I, No. 5, by Mr. W. H. Hudleston (pp. 225—272, pis. 
xvii — xx). 
The Inferior Oolite Ammonites, Part VI, by Mr. S. S. Buckman (pp. 257—312, pis. 

xlv — Ivi). 
The Devonian Fauna of the South of England, Part IV (Conclusion of Vol. I) 
(pp. 251 — 344, pis. xxv — xxxi, and title-page). 
Vol. II. Part T. by the Rev. G. F. Whidborne (pp. 1—56, pis. i 
-V). 
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V'ol. XL VI. Issued Nov., 1892, 
for the Year 1892 



„ XLVII. Issued Dec, 1893, 
for the Year 1893 



' The Stromatoporoids, Part IV (Conclusion), by Prof. Alleyne Nicholson (pp. 203— 

234, pis. xxvi— xxix, and title-page). 
The Pulseozoic Phyllopoda, Part II, by Prof. T. R. Jones and Dr. Woodwaid (pp 73— 

124, pis. xiii — xvii). 
The Jurassic Gasteropoda, Part I, No. 6, by Mr. W. H. Hudleston (pp. 273—324, pis. 

xxi — xxvi). 
The Inferior Oolite Ammonites, Part VII, by Mr. S. S. Buckman (pp. 313 — 344, pis. 

ivii — Ixxvi). 
The Devonian Fauna of the South of Enghind, Vol. II, Part II, by the Rev. G. F. 

Whidborne (pp. 57—88, pis. vi— x). 

' The Fossil Sponges, Pai-t III. by Dr. G. J. Hinde (pp. 189—254, pis. x— xix). 
The Fossil Echinodermata, Cretaceous, Vol. II, Part II (Asteroidea), by Mr. W. Percy 

Sladen (pp. 29-66, pis. ix— xvi). 
The Inferior Oolite Ammonites, Part VIII, by Mr. S. S. Buckmjm (pp. 345—376, pis. 

Ixxvii — xcii). 
The Devonian Fauna of the South of England, Vol. II, Part III, by the Rev. G. F. 

Whidborne (pp. 89—160, pis. xi— xvii). 



,XLVIII. Issued Nov., 1894,^ 
for the Year 18941 



f The Jurassic Gasteix)poda, Part I, No. 7, by Mr. W. H. Hudleston (pp. 325—390, pis. 

xxvii— xxxii). 
Carbonicola, Anthracomya, and Naiadites, Part I, by Dr. W. Hind (pp. 1 — 80, pis. 

i — xi). 
The Inferior Oolite Ammonites, Part IX, by Mr. S. S. Buckman (pp. 377—456, pis. 

xciii — ciii). 
The Fishes of the Old Red Sandstone, Part II, No. 1, by Dr. R. H. Ti-aquair (pp. 63— 

90, pU. XV — xviii). 



XLIX. Issued Oct., 1895, 
for the Year 1895 



' The Crag Foraminifera, Part II, by Prof. T. R. Jones (pp. 73—210, pis. v— vii). 
The Jurassic Gasteropoda, Part I, No. 8, by Mr. W. H. Hudleston (pp. 391—444, pis. 

xxxiii — xl). 
Carbonicola, Anthracomya, and Naiadites, Part II, by Dr. W. Hind (pp. 81 — 170, pis. 

xii — xx). 
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Order-CARNIVOEA. 

Family— URSID^. 

Genus — Ursus. 

I. HISTORICAL INTRODUCTION. 

The fossil bears form a group of animals whose study is by no means easy, 
not from any scarcity of their remains, but from the difficulty of coming to a 
decision about the mutual relationship of the various living and fossil forms. 
Very divergent opinions have been expressed with regard to the number of species 
of bears, and the literature dealing with the subject is remarkably extensive. 
Cuvier^ and de Blainville^ treat of the early discoveries of fossil bears very fully, 
and their accounts have been freely used in the following pages. 

Fossil bones, which eventually proved to be those of bears, were first mentioned 
by J. Paterson Hayn^ (1672), who considered them to be the bones of dragons. 
He obtained representatives of nearly all parts of the skeleton from a cave in 
Mount Krapacks, Hungary. H. Vollgnad*^ (1673) referred to the same bones, 
again considering them to be the remains of dragons. 

^ ' Ob8. Po88./ ed. 1, 1812, torn, iv, part iv. - * Ostoographie,' torn, ii, K. 

' * £pb^m. Curieux de la Nature,* dec. i, an. iii, obs. cxxxix, p. 220. 
^ Ibid., an. iv, obs. elxx, p. 226. 
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arvernensU. He doubted the distinction of the bears of north-western America {Le. 
the grizzly bear) from the European species. This view was also accepted by 
Middendorff (1851),^ who concluded that all the bears of the avdos group from 
both eastern and western hemispheres were varieties of one species. , 

On the other hand, Owen in 1846 in his * British Fossil Mammals and Birds' 
dealt fully with the British fossil bears, recognising three species, U. spels^us^ 
U. arcfos, and U. prwcns^ Goldf., to which species he attributed a lower jaw from 
Kent's Cavern. J. A. Wagner- also (1851) agreed with Owen in recognising 
more than one species among the bears of the ardcs group and considered 
de Blainville's views on the subject to be retrogressive. Gray * (1864) went 
farther in the process of subdivision than anyone else, separating the living bears 
not only into a number of species, but also into several genera. 

The descriptions of the bones of bears from a number of Irish localities now 
commenced — e.g. by R. Ball,^ A. Carte,^ and H. Denny .^' Some of the bones 
found were even attributed to the polar bear. 

Midler" (1872), in a beautifully illustrated Avork on certain bears' skulls from 
Russia, doubted the possibility of distinguishing between the different species of 
fossil bears even by their teeth. 

In 1867 appeared the first of a series of important communications from Busk 
dealing with the fossil bears. In this paper, of Avhich, unfortunately, only an 
abstract was published,*^ he mentioned that the teeth on Avhich reliance was to be 
placed in distinguishing the different S[)ecies of fossil bears were pm. 4, pm. 4, 
m. 2, m. 3. He expressed the opinion that U. pvlscus was identical with U. ferox. 
In 1873 appeared his very important paper ^ on the animal remains found in the 
Brixham cave, in Avhich he fully discussed the mutual relationship of the various 
species of fossil bears. He established the fact that U. pri^cus^ Cuv., was identical 
with U.fosailisy Goldf., and U. fero.r, the modern grizzly, and considered that all 
the Irish specimens were referable to the latter species. He thought that U. ferox 
(priscusj was commoner even in England than U. spelddus. He discussed the 
differences by which, according to Owen, the teeth of ?/. spelddus^ U. arctos^ and 
U. ferox could be distinguished, but thought that these differences were not all 
constant and considered that it would be impossible to distinguish between the 

1 * Untersucb. Schadeln des gemeincn Landbaren/ etc., St. Petersburg. 

2 * Abbandl. k. bay. Akad. Wissenscb./ vi, I Abtb., 1851, p. 193. 

3 * Cat. Carniv. Pacbyderm. and Edentate Mamm. in Brit. Mas.,' p. 217. 
* * Proc. R. Irisb Acad.,' iv, 1849, p. 146. 

s * Joum. R. Dublin Soc.,* ii, 1860, p. 344 ; and * Joum. R. Geol. Soc. Dublin,' x, 1864, p. 114. 
fi ' Proc. Yorks. Geol. and Polyt. Soc.,' iv, 1864, p. 347. 

7 *Drei in der Provinz Preussen ausgegrabene Burenschridel.' 

8 *Q. J. aeol. Soc.,' xxiii, 1867, p. 342; and * Pbil. Mag.,' xxxiv, 1867, p. 399. 
» ' Pbil. Trans.,' cbdii, p. 532. 
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In 1810 Goldfuss^ published a memoir in which he attempted to distinguish a 
third species of fossil bears, named U. jniscus. This was accepted by Cuvier.^ 
Meanwhile the fossil bones of bears were being discovered in several localities in 
England, notably in the caves of Kirkdale, Yorkshire (whence Buckland^ described 
rare fragments), and Oreston, near Plymouth (Clift aiid Whidbey).** 

In 1825 Cuvier in the third edition of * Ossemens Fossiles' reverted^ to the 
conclusion that the forms called U. speldPus and arctoldeus were only varieties of 
the same species. De Blainville, however, remarked ^ that Cuvier's unfortunate 
establishment of a new species on insufficient evidence gave an impulse to this 
practice, which was exaggerated in the hands of less skilful palaeontologists. In 
proof of this he referred to Croizet and Joberf^ (1828) who beHeved they could 
recognise U. cultridcns by a single canine, and sought to establish a new species 
JJ. (irverneusls on a fragment of the anterior part of the skull, a humerus and 
other isolated bones. The work of M. de Serres^ is an instance of the same 
method. 

P. C. Schmerling^ (1833), although he corrected certain mistakes of Cuvier, 
was led by his example to establish several new species on material more or less 
incomplete. He cDncluded that no less than five species of bears lived in the 
Lifege district — viz., U. speldeus and arctoideus^ Blum., U. j>^mc?/5, Goldf., and two 
new species, TJ. giganteus and leodierisis. In 1842 Owen^^ described a fine skull of 
the brown bear from Manea fen, Cambridge. 

With the increase of knowledge and facilities for comparison, the extreme 
difficulty of recognising specific distinctions between the various bears began to be 
apparent, with a tendency to group together several forms which had previously 
been regarded as distinct species. This tendency was first shown by de Blainville ^^ 
who in 1844 gave a detailed and critical account of the different kinds of fossil 
bears with splendid illustrations. Further reference to his conclusions follows 
later, but it may be mentioned here that he considered all the bears, living and 
fossil, found in Europe to belong to one species, but thought there were two races 
of fossil bears, a larger race the male of which was represented by U. giganteus and 
U. spelddiis inajor and the female by U. arctoidens and U. leodiensis, and a smaller 
race in which the male was represented by U, spelxns minor and the female by 
U. priscus. He considered that a second small species was represented by Ursus 

1 * Verbaudl. kaiserl. Leopold. -Karolin. Akad. der Naturforscher/ x, 2, p. 260. 

2 'Oss. Fos8.; ed. 3, 1825, iv, p. 380. 

3 * Reliquiae diluvianse/ ed. 2, p. 17; and * Phil. Trans.,' 1822, p. 171. 
* *Pbil. Trans.,' cxiii, 1823. p. 88. ^ Tom. iv, p. 358. 

^ * Osteograpliie,' Carnassiers, p. 50. '' * Rech. Oss. foss. Piiy de Dome,' p. 628. 

8 *Bull. univ. des Sci. Nat.,' 1830, xii, no. 19, p. 161. 
^ * Recherclies Oss. foss. Cavernes de Liige.' 
^^ *Rep. Brit. Assoc.,' 1842, p. 69. ^^ ' Ostcoj^raphie,' Carnassiers, p. 38. 
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liemispliere except the polar bear, the American ])lack bear, and the blue bear of 
Thibet) as one species. A. E. Brown ^ (1894) went farther than this, including even 
the American black bear as a subspecies of U. arctos. In this view he was in 
jiccordance with that previously reached by Allen,*- who, however, afterwards changed 
his opinion^ with regard to this point. In the paper just referred to^ he gave a 
valuable tiible of measurements showing the great individual variability in bears' 
skulls from the same locality, and considered that, though [/. aviencanus might be 
distinct, there was a complete passage between the brown and grizzly bears. 

The remarkable individual variability was still more impressively shown by 
E. Scliaff * (1889) in a paper on a collection of thirty-five skulls all obtained from a 
limited area in Russia. The variability of the European bears was shown to be 
more than paralleled by those of America in C. H. Merriam's paper,'' which was based 
on a study of J more than two hundred skulls, a series of as many as ninety-five 
having been obtained from one locality. The conclusions which he drew were, 
however, widely different from those dmAvn by Brown and Allen ; for he not only 
considered that the American "brown" bears (of which he made a number of new 
species) were specifically distinct from the European, but separated the black bear 
subgenerically. 

The difficulty of distinguishing between the different species of fossil beai'S is 
further illustrated by the important papers by Gaudry and Boule,^ and E. T. 
Newton.^ The former authors shoAved that even the loss of the three anterior 
upper premolars is not :»bsolutely characteristic of the cave bear, as individuals 
of the smaller race from Gargas retain pm. !?. The close connection between the 
bears of the brown and grizzly types is illustrated by the fact that they considered 
IL priscff.s to come nearer to [J. arctos^ especially as regards the humerus, than to 
//. horrilnlU, with which it is usually thought to be identical. 

Newton, in describing the Vertebrata from the Forest Bed, agreed with Owen 
in assigning the jaw figured in the ' British Fossil Mammals,' p. lOG, to [/. speU^is, 
in spite of its small size, while he assigned another specimen to V. fipelwus in spite 
of its retaining pm. 1. 

1 * Proc. Acacl. Nat. Sci. Philad./ xlvi, 1894, p. 119. 

2 « Bull. Mus. Comp. Zool./ i, 1869, p. 184. 

» * Bull. U. S. Geol. Surv. of Territories,' ii, no. 4, 1876, p. 334. 

* * Archiv f iir Naturgescbiclite,' 1889, p. 244. 

5 * Proc. Biol. Soc. Washington,' x, 1896, pp. 65-83. 

* Mat. pour Thistoire cles temps (piaternaires," fasc. iv, p. 105 (1892). 

7 " Vertebratii of Forest Bed Series," * Mem. Geol. Surv.,' j). 5 (1882). 
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II. DISTRIBUTION IN BRITAIN AND ELSEWHERE. 

The oldest British formation from which the fossil remains of bears have been 
described is the Suffolk Crag. Owen,^ writing in 1846, says "the oldest fossil 
referable to the genus Ursus from British strata is the crown of a molar tooth, 
which was found at Newbourn, near Woodbridge, Suffolk. The bear's tooth is 
the antepenultimate grinder of the right side, upper jaAV ; it is smaller than the 
corresponding tooth in U. spelmusJ^ Newton^ was, unfortunately, unable to verify 
this determination, and suggests that the tooth may be attnbutable to Sm. In 
1864 Lankester^ described and figured a slender canine tooth, also said to have 
come from the Red Crag of Newbourn, near Woodbridge. This specimen, which 
is in the Reed collection at York, he referred with little hesitation to U. arver' 
neiisU. Boyd Dawkins, and Newton^ have both doubted the correctness of this 
identification, the latter saying 'Mt seems more probable it will prove to be an 
anterior tooth of Squalodon and, therefore, cannot be fciken as evidence of the 
occurrence of Ursus in the Red Crag." 

The Forest Bed is the oldest British formation in which undoubted bears' 
bones have been found. The best specimens were originally described by Owen,^ 
and they have been re-examined and described by Newton.^ The specimens found 
were at first attributed to as many as four species of bears — U. sj)dwns, arvernensu, 
etmscus^ and priscns (= horribilis). The best specimen described by Owen is a 
small mandible,^ which, in spite of its small size, is referred to U. s^peJaens for the 
following reasons : (1) There is a long diastema between the canine and the first 
tooth of the molar series, pm. 4; (2) pm. 4 has a complicated form; (3) m. i is broad 
as compared with the same tooth in the brown and grizzly bears. Owen's identifi- 
cation is endorsed by Newton. Another specimen'^ has pm. 1 present, but in spite 
of this fact is referred by Newton to TJ. spelasus, Avhile a third and larger specimen^ 
agrees with the normal spelsens in the complete absence of the anterior premolars. 
Of the sixteen specimens found in the Forest Bed, nine are referred by Newton 
without hesitation to TJ. spelseiiSy and probably two more belong to this species. 

The supposed occurrence of U. arvernensis is based on a fragment of the right 
maxilla with two teeth, noAV in the Museum of Practical Geology. It has been 
regarded by Dawkins as probably referable to U, arvernensU, Newton considered 
that there was no evidence to show the correctness of this attribution, and regarded 

1 * Brit. Foss. Mamra. and Birds,' p. 105 (184(3). 

2 'Mem. Geol. Surv.,' "Vert, of Pliocene Deposits," p. 15 (1891). 

3 * Ann. Mag. Nat. Hist.' (3), xiv, p. 358. 

4 *Brit. Foss. Mamm. and Birds,' p. 89 (184(>). 

5 *Mem. Geol. Siirv.,' '* Vert, of Forest Rvl Series," pp. 5— 1(> (1882). 
fi Fig., ibid., pi. i (1). " Fig., ibid., pi. i (2). 
8 Fig., ibid., pi. i (3). 
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(6) The shape of the forehead ; and 

(7) The form and size of the mastoid process of the periotic. 

Although the conchision arrived at is, that it is impossible to separate U. 
hornhilis {ferox) from U. arctos by the study of the skeleton, it has been thought 
advisable in the tables of comparative measurements to quote without comment the 
name previously assigned to any specimen. 



B. Dentition (Plate VI). 

(1) DistW'Ctive Fentures of the Teeth in the Genus Ursus. — The dental formula is 
i« f > c. y, pm. I, m. f , as in the dog. In Hyaena it is i. f , c. y, pm. J, m. y, and in 
Felis i. f , c. |, pm. f, m. y. Although the upper incisors increase somewhat 
in size from the first to the third, Ursus agrees with Felis and differs from Hyaena 
in presenting a marked contrast in size between c. and i 3. The canine is dis- 
tinguished from that of the lion by the more massive character of the root. The 
three anterior premolars above and below are very small, one-rooted, and often 
early deciduous, especially the second, which is rarely present in the adult animal. 
Pm. 1 is situated close to the canine, pm. 3 close to pm. 4 , which is the upper 
carnassial. This tooth lacks the antero-internally placed inner tubercle supported 
by a distinct root, which is so characteristic of Felis ^ Hyaena , and Canis, Pm. 4 
possesses, however, a postero-intemally placed inner cusp which, as in other Ursidse, 
is not supported by a distinct root. The sectorial characters of pm. 4 are very 
little marked, and it is much smaller than m. 1. The crowns of both the upper 
true molars are longer than broad, and have flattened tuberculated grinding 
surfaces; the second has a large backward prolongation or heel. The lower 
carnassial (m. 1) has a small and indistinct blade and a greatly developed 
tubercular heel. The second molar is of about the same length as the carnassial, 
but with a broader and more flattened tubercular crown. The third is smaller. 
The milk-teeth are comparatively simple and shed at an early age. 

The following descriptions are of teeth of Ursus spelaeusj but in each case the 
differences presented by the teeth of bears of the arctos type are noted. 

It has been thought best when describing the teeth not to use terms involving 
assumptions of homology and requiring long explanatory prefixes. The terms 
cusp and tubercle are regarded as synonyms for small elevations on the surface of 
a tooth. The terms cone or lohe are used as denoting a rather larger elevation, and 
the terms talon or heel for posteriorly placed segments of a tooth. 

(2) rei^nanent Dentition of the Upper Jaw (see PI. VI). — I. 1 and 2 are very 
similar teeth showing a prominent anterior, pointed, and somewhat backwardly 
directed cone or cusp, and a depressed triangular posterior area not bearing any 
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definite cusp. The marginal portion of the triangular area is slightly raised. The 
root, which in each case is rather more than twice as long as the crown, is con- 
siderably laterally compressed. 

In bears of the arctos type the posterior area is more sharply marked off from 
the cone than in the cave bear. 

I. 3 is a larger and more caniniform tooth, with a prominent, sharply reflected 
cone. There is no depressed posterior area as in I. 1 and 2 , but a slight cusp is 
developed on the inner side, and from it a cingulum extends along the inner and 
posterior margin of the crown. The root is not so much laterally compressed as 
in I. 1 and 2 . 

In bears of the arctos type this tooth differs only in size and in the slight 
development of the cingulum. 

C. The canine has the form usually met with in Carnivora. Its crown 
constitutes about one third of its length, and is frequently, though not invariably, 
marked by a wide, shallow groove along its inner face, and by a slight ridge along 
its posterior face. The crown is slightly longer and more recurved and pointed 
than in HyadiuVj and the root tapers more than in that animal, and is more massive 
than in Felis. Size constitutes the only difference between the canine of the cave 
bear and that of bears of the arctos type. 

Pm. 1 and 2 , which are almost invariably absent in the cave bear and irregular 
in their occurrence in bears of the arctos type, are small and simple teeth, with a 
low crown and long cylindrical root. 

Pm. 3 , which is absent as a rule in the cave bear, is in bears of the arctos 
type a small tooth with well-developed cone and slight indications of anterior and 
posterior cusps. The cingulum is slightly developed on the inner side. 

Pm. 4 , the upper camassial, has the blade divided into a prominent anterior 
cone {ay and a less elevated posterior cone (fe), behind which is commonly a slight 
additional cusp. Lying postero-internally to the blade is a large inner cone or 
lobe (PI. VI, fig. 1, c), which shows considerable variation. The cingulum is often 
strongly marked, especially antero-intemally. There are two roots, a smaller 
anterior one supporting the anterior cone of the blade, and a larger posterior one 
supporting the posterior cone of the blade and the inner lobe. 

In bears of the arctos type the cingulum is not so strongly marked, the inner 
cone or lobe tending to be relatively larger than in TJ. speldsus, and often having 
a slight additional cusp cut off from its posterior edge, sometimes also from its 
anterior edge. This inner cone or lobe, which is posteriorly placed, must not be 
confused with the inner tubercle characteristic of the upper carnassial in Felisy 
Canis^ and Hijdma, which is anteriorly placed. 

M. 1 has a large, somewhat quadrangular crown with the surface raised into 

1 This and the following letters refer to Plate VI. 
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a double row of low cusps lying along the inner and outer edges of the tooth. Of 
the four cusps along the outer border, the anterior and posterior are very small, 
the second from the anterior end being the largest. The cingulum is well marked 
along the inner surface. The tooth is fixed in the jaw by three roots, one lying 
internally and the other two antero- and postero-extemally. 

In bears of the arctos type the cingulum is less marked, and the two principal 
cusps along the outer border do not appreciably differ in size. 

M. 2 is the largest tooth belonging to the molar series. The grinding surface 
is completely tuberculated, the two most prominent cusps or elevations (d) occupy 
the anterior half of the outer border, and behind them a third and much smaller 
cusp is often found. The anterior cusp tends to be the largest. There are four 
roots, one placed anteriorly, one near the middle of the outer surface, one postero- 
internally, and one on the inner surface near the anterior end. 

In bears of the arctos type the two antero-external cusps tend to be equal in 
size, and the tooth to narrow posteriorly more than in the cave l>ear. These 
distinctions, however, do not always hold, and are of little practical value. 

(o) Permanent Dentition in the Lower Jaw (see PI. VI). — ITl is a small tooth 
with both root and crown much laterally compressed. The crown forms a single 
very slightly recurved cone, with a small tubercle on the out^r side. I can detect 
no valid difference in bears of the arctm type. 

I. 2 has the root similar to that of I. 1, but the crown is not so much 
compressed and the tubercle on the outer side is larger and placed lower down 
the crown than in I. 1. There is also an indication of a tubercle on the inner 
side of the crown, while from each tubercle a slight ridge runs downwards and 
backwards to meet its fellow at the base of the crown. 

In bears of the arctos type the outer tubercle is relatively more prominent than 
in U. spelmis, while the inner tubercle and pair of downwardly and backwardly 
directed ridges are not present. 

I. 3 is a slightly larger tooth with the root triangular in section, the apex of the 
triangle being directed backwards. The outer tubercle (PI. VI, fig. 2, e) is very 
prominent and sharply divergent from the crown. A slight ridge passes backwards 
and downwards from it to meet another bounding the inner side of the crown. In 
bears of the arctos type the tooth differs only in its smaller size, and in the slighter 
development of the ridges. 

C. This tooth differs from the corresponding one in the upper jaw in having 
sometimes at any rate, both crown and terminal part of the root slightly inwardly 
inflected on the main part of the tooth. The smaller size is the only respect 
in which c. of bears of the arctos type differs from the corresponding tooth of the 
cave bear. 

Pm. 1, 2, 3, which are absent as a rule in the cave bear, are all small conical 
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teeth with low crowns and rather long cylindrical roots, pm. 1 being the largest 
and the one which most commonly persists. 

Pm. 4 is a small tooth showing much variation. As a rule, m addition to the 
principal cone, one or more of three little cusps may be developed, two placed 
respectively at the antero-internal (PL VI, fig. 6, 1) and postero-internal (PI. VI, 
fig. 6, 3) edges, and the third (PL VI, fig. 6, 2) sHghtly behind and to the inner side 
of the principal cone. 

In bears of the arcloa type the development of inner cusps is not so great as 
in the cave bear, and in many cases the tooth is entirely without them. 

M 1. This is an elongated tooth, divided by a constriction into a posterior 
square portion {(f) whose lengtli is about one third of that of the entire tooth, and 
an anterior more elongated portion. The posterior portion, which represents the 
greatly enlarged heel or talon of the corresponding tooth in Caiiisy has the surface 
raised into a series of low cusps, the two most marked of which lie on the inner 
border and are nearly equal in size. The anterior portion generally shows two 
prominent cusps, one forming the anterior extremity of the crown, one farther 
back and on the outer side of the tooth. There are several smaller and generally 
ill-defined cusps along the inner border. Each portion of the tooth is supported 
by a strong root. The angle of divergence between the two roots varies much. 

In bears of the arctos type the constriction between the two portions of the 
tooth is not so marked as in the cave bear, and the cusps are less prominent. The 
hinder of the two, lying on the inner border of the posterior square portion of the 
tooth, tends to be larger than the anterior. The cusp forming the anterior end of 
the tooth is less marked than in the cave bear, and often has a small accessory 
cusp on its inner side. 

M. 2. The sides of this tooth are parallel, and the length is nearly twice the 
breadth. A slight constriction divides the tooth into anterior and posterior halves. 
The surface is somewhat uniformly tuberculated, the greatest elevation lying 
antero-internally. The tooth is fixed in the jaw by two stout roots, the posterior 
being the larger. 

I cannot detect any difference from the above in teeth of bears of the arctos 

type^ 

M. 3. The crown, which has parallel sides, is slightly rounded in front and 
more markedly rounded behind. The length as compared with the breadth is about 
5 — k The posterior border is sometimes rounded, sometimes more or less 
obliquely trimcated externally. The surface of the crown is very uniformly covered 
with low tubercles (PL VI, fig. 5), the largest being placed at the antero internal 
angle. There are three roots, one placed anteriorly and two posteriorly, but all 
three roots sometimes coalesce. 

In bears of the avctos type the tooth is rather longer in proportion to its width 
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than in the cave bear, and is as a rule rather more contracted posteriorly. The 
surface of the crown tends to be ridged rather than tuberculated. 

It proved impossible to obtain anything approaching a complete series of milk- 
teeth, and it therefore seemed best not to attempt a description of them. 



(2) Table of Mkasubkmknts of thk Skries of Pkbmanknt Tkkth f&om Tobbbtan, nbab Tobquat, 

FiauBBD ON Plate VI. 



1. Antero-po8t*'rior extent at base of 

crown , li) 

I 

2. Maximum tranHverae mcaaiim 

ment 109 

3. Maximum length meoeured along I 
I a straight Une from root to 



2fl 



":i 



11 
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c. The Vertebral Column (Plates VII, VIII). 

The vertebral column of bears shows few characters distinguishing it from that 
of other Carnivora. Probably the most noteworthy feature is the tendency to 
ankylosis in the sacral region in old animals, which may have as many as five 
sacral and pseudo-sacral vertebras (see Text- fig. 1, p. 19). There are fourteen thoracic 
and six lumbar vertebrae as compared with thirteen thoracic and seven lumbar in 
Felisy Ganis and Viverro^ and fifteen thoracic and five lumbar in Meles. 



(3) Tables of Compabatite Measurements of Beab Vektebbjb. 



I 



Banwell 
(Tannton Mus.). 



Sandfonl 
(TauntfOn Mas.). 



Atlas. ; 

1. Maximum width 

2. Median dorso- ventral diameter 

I 3. Extreme width of the condylar articular , 

surfaces 

I 4. Maximum width of neural canal ; 



Axis. 

. Length from anterior end of odontoid 
I process to postero-ventral extremity 

I of centrum 

I 2. Height from roof of neural canal to top 
of neural spine | 

3. Transverse diameter across prezygapo- , 

physes 

4. Transverse diameter across postzygapo- | 

physes 

5. Length from anterior end of neural 

spine to notch between postzygapo- 
pliyses 



5-2 » 

81 
3-55 



8-9 


815 » 


6-35 


3-55 


8-4 


6-85 


7-65 


5-5 


6-3 


6-7 


» Figured. 





Ih korribUh, 

No. 854 (College 

of Snrgeona). 


r. arefo$. 

No. 218 If 

(Brit. Mna.). 


17-3 
4-4 


19-6 
5-35 


6-5 
31 


8-2 
4-0 


6-9 


81 


4-2 


4*4 


5-6 


6-8 


5-35 


5-9 


61 


71 
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COMPABATITI MlASlTRIMBNTS OF BeAB YBBTKBBJi {continued). 
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Comparative Mbabubkmknts of Bkab Vibtibbjb {continued). 
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B d 




Fio. 1.— A dorsal, B ventral view of a sacrum (No. 48827), from Brixham, preserved in the British 
Museum ; a, neural spine ; 6, foramen for exit of spinal nerve ; c, articular surface for ilium ; 
(2, iuterior face of centrum of first sacral vertebra ; e, posterior face of centrum of third caudal or 
pseudosacral vertebra;/, ventral surface of centrum of first sacral vertebra; y, ventral surface of 
centrum of first caudal or pseudosacral vertebra. 



D. The Shoulder Gibdle. 

The scapula in bears (Text-fig. 2) does not present any features of special 
interest. The British fossil specimens are almost invariably in a very frag- 
mentary state. 



(4) Tablk of Mkasubemknts of the Scapula. 



U, korribili$. No. 
851 (R. Coll. of I (Brit.Ma8.). 



ir, areto9. No. 21H d 



' 1. Length along line of spine measured from 

; acromion ; 

2. Maximum width ; 

I 3. Maximum length of glenoid cavity ' 

4. Height from top of acromion to inner edge of j 
I glenoid cavity 

5. Length from end of coracoid process to surface I 
of bone behind glenoid cavity 



26G 
201 
5-95 

8-3o 

7-35 



31-85 

23-8 

61 

10-9 



E. The Antebiou Limb. 



The humerus (Text-fig. 3) has a strong deltoid ridge. A supra-condylar 
foramen is not present. 
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Fig. 2.— Articular view of a portion of the left scapula (N.H. 93)«froin the Newhall Caves, Edenvale, 
Co. Clare^ now preserved in the National Museum, Dublin, a, glenoid cavity ; b, acromion. 



(1) 



(2) 



{^) 




I 



:-^^: 



FiQ. 3. — (1) Back view of right humerus, Sandford (Taunton Mus.). (2) Front view of left humems. 
Grays, Essex (Brit. Mus.). (3) Antcro- internal view of right ulna, Sandford (Taunton Mus.). 
(4) Front view of right radius, Sandford (Taunton Mus.). All the above specimens are attributed to 
Ursus horribUis, and are drawn { natural size. 
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(5) Table of Comparative Mbasurkments of Bones of Anterior Limb. 



Humerus. 



1. Extreme length 

2. Diameter of proxiuuil end pass- 

ing across centre of articulat- 
ing surface and greater tuber- 
osity 

3. Vertical diameter of shaft at 

middle of deltoid ridge 

I 4. Transverse diameter at same 

I point 

' 5. Maximum transverse diameter 

I at distal end 

I 6. Maximum width of trochlea . . . 

I Radius. 

' 1. Extreme length 

I 2. Bight and left or transverse 
I measurement at humeral arti- 
culation 

3. Antero-posterior or vertical 

measurement at humeral arti- 
culation 

4. Transverse diameter at carpal 

articulation 

5. Vertical diameter at carpal arti- 

culation 

6. Transverse diameter at middle 

of shaft 

7. Vertical diameter at middle of 

shaft 



lianwell 
(TnunUm Mu8.). 



G-35» 
5-5 

lG-8 

42-4» 
6-55 



Bandfortl 
(Tauaton Mus.). 



585 
16-75 

»37-8' 
61 



4-4 


4-8 


81 


9-2 


4-8 


545 


51 


5-3 


2-8 


2-5 



(/. fervx fo99iH$ =■ 

hoittbiliBf 

UravH, Kmex, 

No. 21287 (Brit. 

Miu.). 



-37-3' 

90 

4-4 

3-9 

11-3 



U. aretot. 
No. 218a (Brit. 

MU8.). 



39-15» 

8-15 
4-95 
4-05 
10-8 

33-9* 

4-6 

3-65 

6-85 

4-4 

29 

2-1 



U. korribilU, 
No. HW (R. Coll. of 
HurgeoiiB Mus.) 



340 

8-3 
3-8 
3-7 

7-i 

30-3' 

4-1 

305 

5-9 

3-5 



1 Left. 



Right. 



Figured. 



Ulna. 

1. Extreme length 

2. Antero-posterior or vertical 

measurement at distal end of 
sigmoid notch 

3. Maximum transverse measure- 
j ment of olecranon 

I 4. Transverse diameter at carpal 

articulation 

1 5. Vertical diameter at carpal 
I articulation 



I Length of Ist metacarpal . 
I » 2nd 

3rd 
' „ 4th 

I » 5th 



U, $peUtu$, 

Banvrell 

iTaunton Mub.). 



46*5 



10-3 

10-7 

3-4 

4-8 



U, korribUUt 
Kew Bridge, 



I U.feroxfo—UUsi 
hombili$. 



U, kurrihUiB, I 

NO.M861 (iairit. nford, No. 38612 ,.?2:,?Sii?:ii?"\ I 

Mu..). I (Brit.Mua.). ,"fSurgeoMMuii.).| 



44-0 

9*35 
9-75 
3-25 



38-6* 

7-7 
825 
3-0 
4-8 



3415 

6-4 
6-8 
22 
3-9 



U, arelo$t 
No. 218a (Bnt. 

MUB.^ 



38-45» 

7-3 

7-8 

2-1 

3-9 

8-1 
8-8 
9-0 
9-3 
9*4 



Left. 
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¥. Tub Pelvic Gikdle. 

This is characterised by the shortness of the ilia and their evertion above. The 
British fossil specimens are almost always in a very fragmentary state. 



(6) Table of CoMrABATivs Mbaburbmknts. 



I 



Innominate Bone. 

Maximum length 

Length from edge of acetabulum to dorsal or 
anterior border of ilium 

Vertical measurement of ilium at widest point. . . 

Thickness of ilium at middle of surface 

Antero-posterior diameter of acetabulum 

Length from acetabulum to posterior border of 
ischium 

Maximum diameter of obturator foramen 

Measurement along ischium from symphysis to 
end of ischial spine 



U, korribUiff No. 
8&4 (R. Coll. of 
SurgeonB Mas.}. 



U. aretof. No. 
21M (BriL Mu*.). 



31*85 

151 
121 

5U'> 

11-25 

8-2 

12-2 



87-6 

18-65 
14-7 

5-3 

11-7 

16-9 




Fio. 4. — Ventral view of left innominate bone (N.H. Ilf7), from the Newhall Caves, Edenvale, 
Co. Clare, preserved in the National Museum, Dublin (^ nat. size), a, ilium; b, ischium; e, pubis; d, 
acetabulum ; e, obturator foramen. 



G. The Posterior Limb. 

Til is, as noted by Gaudry and Boule, tends to be somewhat shorter in propor- 
tion to tlie size of the animal in U. speladus than in the bears of the arctos type. 
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The tibia is specially short, and Gaudry and Boule have suggested that this is perhaps 
a disposition favourable for descending into the caves in which the animal lived. 
Owen^ attempts to discriminate between the femur of the different species of fossil 






Fio. 5. — (1) Front view and (2) right side view of loft femur attributed to U. horribilis, from 
Sandford (Taunton Mus.) (^ nat. size). 

bears. He says that in the brown and grizzly bears the femur is broader in 
proportion to its length, and the tuberosity above the internal condyle is larger 
than in the cave bear. He also states that in the cave l)ear the lesser trochanter 
projects a little beyond the inner margin, while in the grizzly and brown bears it 
is thrown wholly on the posterior surface of the bone. 

1 * Brit. Fobs. Mamm./ p. 97. 
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Fia. 6.— (1) Front view of riffht tibia, from Sandford (Taunton Mus.). (2) Postero-external view of 
right tibia, from Ilford, Essex (Brit. Mus.). (3) Patella, from Banwell (Taunton Mus.). All are drawn 
^ natural size. The patella is attributed to U. »pelm\is, the tibise to U. horribUis. 



(7) TaBLB op COMPABATIVB MbASURKMBNTS OF BoNBS OP POSTBBIOB LiMB. 



ir.korribm», U, horribUh, \J('^r'^ult\ 
I Haiulforcl Samlford r^fSJ^'l^*' 

I.Tautit4iii Miw.). (Taunton Muh.).| "' MuJ^ 



Fbmur. 

1. Maximum length 

2. Transverse diameter at condyles : 

3. Antcro-posterior diameter of head 

4. Vertical or antero-po8t<?rior diameter of ■ 
shaft at middle i 

5. Transverse or right to left diameter of 
shaft at middle 

0. Transverse diameter at proximal end 
measured across head and great trochanter 



115 
5-6 

40 

50 

13-45 



11-7^ 



43 



52 



Left. 



Right. 



40-2- 
73 
4-5 

2-8 

3-4 

9-8 



' Figured. 



U. arctot 

No. 21Ha. 

(Brit. Mas.). 



4G0» 

8-3 

4-85 

295 

4-85 
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Tabli of Comparatitk Mkasurbments — continued. 



U. korribilif, ! U. korriMi$, 

Sandfonl | Saiidford 

(Taunton Hub.}. (Taunton Mub.). 

I 



Tibia. 

1. Maximmn length i 

2. Transyerse or right to left diameter at 
proximal end 

3. Vertical or antero-posterior diameter at 
proximal end measured from notch between ; 
articulating surface for femur and top of i 
crest I 

4. Transverse diameter at distal end 

5. Vertical diameter at distal end measured ; 
across elevation between articular faces for ' 
calcancum i 

6. Transverse diameter at narrowest i>ajrt of | 
shaft 



30-5 
11-35 



73 

81 



51 
4-0 



U.ftroxfo$$ili$ | U. korribili», 
= AorriW/i*. H- iNo. 864 (R. Col. 
fonl. No. 41828 of Surgeons 
(Brit. Mus.). Mu8.). 



31-5 » 
085 

71 

4-25 
3-5 



34-25 » 

8-9 



8-3 
5-95 



3-0 



28-9 » 
7-9 



6-55 
645 



295 
2-45 



U areiot. 

No. 218a 

(Brit. Mus ). 



33-2 
8-25 



0-95 
6-7 



2-65 



Figured. 



Bight. 



U.horrihilh, 1 U.kf»rHbUi$, m« * ur*^?^'';*' , 
8andf«.rtl Samlfonl jNo H&MR. C ol. 

j(Taunton Mus.) (TauntimMus.)-! MiwT"* 



Fibula. 

1. Maximum length 

2. Transverse diameter at distal end 

3. Vertical diameter at distal end 

4. Transverse diameter at proximal end 

5. Vertical diameter at proximal end . . , 

Calcanbum. 

1. Length 

2. Maximum transverse diameter 

ASTRAOALUS. 

Right to left diameter 

Metatarsals. 

Length of 1st metatarsal * 

2nd „ 

« 3'*d „ 

4th ,. 

5th „ 



272 
1-7 
34 
1-75 
2-5 



11-25 
7-15 



8-8 



I 



2-852 
3-8 



11-4 
75 



26-25 
2-7 
1-45 
17 
205 



8-3 
5-7 



5-3 



6-45 
7-25 
73 

8-3 
8-8 



17. rt rc/M, 1 
No. 218a ^Brit. 
Mub.). I 

I 



30-45 



2-6 



9 1 
5-55 



46 



72 

8-65 

905 

1025 

10-5 



* All measured along plantar surface. 



A large bone lacking proximal end. 



TV. COMPARISON OF THE CAVE, BROWN, AND GRIZZLY BEARS. 



The subject of the mutual relations of tlie Pleistocene bears is one of very great 
difficulty, and very varying opinions have been expressed as to the number of 
species. Most palaeontologists have recognised three species, viz., U. spelmis^ U. 
hoii-ilfilis (=fero,ry z= ferox fossilv$^ z=: j)ri4feHs), and U. ardos, Owen, Busk, Boyd 

4 
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Dawkins (previous to 1877), Lydekker (when writing in 1885), Woodward and 
Sherborn, adopt tlio above three-fold division of the Pleistocene bears. 

With very few exceptions palaeontologists have considered IL spelaeus to be dis- 
tinct from the rest, but as early as 1 844 de Blainville expressed doubts on this 
head, considering that the differences l>etween the fossil bears were merely racial. 
Adams too, in 1880 and also in 1881, suggested that the bones attributed to 
Jf, sjif'Lrifs might be only those of larger individuals of the same species as IJ.ferox^ 
and that all the British fossil ])cars might be regarded as races of one species. 

CoMPAinsoN OF TUE Cavk Bear wtth Bkars of the arctosi Type. 

The following characters have l)ecn quoted ])y various palaeontologists, princi- 
])ally Owen,^ Busk,^ and Lydekker,^ as distinguishing the cave bear from those of 
the ffvctos type : 

(a) Distingiii^hivg Characters drawn from the Teeth. 

Cave Bear. Bears of ardos Type. 

(1) The three anterior premolars of both The three anterior premolars, espe- 
jaws are generally lost very early, all cially pm. 1 and pm. 3 of both 
traces of their alveoli commonly dis- jaws are far more persistent, 
appearing. 

The complete loss of the three anterior premolars is undoubtedly almost or quite 
universal in the large cave bear skulls, but is not universal in the case of smaller 
individuals attributed to the cave bear. Thus Gaudry and Boule* have shown that 
in the small race from Gargas ])m. 3 is not always lost, and Owen^ mentions a jaw 
from Torquay which retains pm. 1. Newton^' too attributes to U. sjmh'mis a small jaw 
from the Forest Bed in spite of the retention of pm. 1. 

Cave Bear. Bears of the arctos Type. 

(2) M. 2. has a more or less oblong form, the M. 2 is more constricted behind, and 
sides being nearly parallel, and the hind the grinding surface of the un- 
end not much narrower than the middle, worn tooth is more compressed 
and never or hardly ever pointed. The from side to side than in [J. 
grinding surface when unworn is com- spcheus. Of the three outer cusps 
paratively flat. On the outer border the two anterior are more nearly 
are three cusps of which the hindmost equal in size than in Jf, spelwns 
is very low and soon worn off (Busk). (Busk). 

^ * Brit. Fobs. Mamin. and Birds/ p. 86, et seq. 

2 ' Trans. Zool. Soc./ x, 1877, p. 60. 

^ * Palseont. Indica,' ser. 10, vol. ii, p. 210 ; and *Proc. Zool. Soo.,' 1897, pj). 412 - 426. 

* * Matcriaux pour Vbistoire des temps quaternaires,' p. 109. 

5 ' Brit. Foss. Mamm. and Birds,' p. 91. 

« "Vert, of Forest Bed" ('Mem. Geol. Surv.'), p. 5. 
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1 cannot detwt any constant differences between m. 2 in the two causes, though 
in some instances there is a tendency for the crown of the tooth to show k\ss 
posterior contraction in the cave bear than in the others. 



Bears of arctos Type. 



Pui. 4 has either only the principal 
cusp or at most a very small 
internal tubercle corresponding 
to the hinder of those met with 
in U. 8p*:lxns (Busk). 



Care Bear. 
(-3) In pm. 4 besides the principal cone 
there are usually on the inner side two 
and always one smaller cusp, of which 
one is anterior in position to the prin- 
cipal cusp (Busk). HenseP and Owen 
make similar statements, and Owen 
also mentions a ridge extending along 
the outer and back part of the base of 
the crown as characteristic. Lydekker- 
says pm. 4 is relatively short, the inner 
tubercles are very large and the first is 
placed more on the inner side than in 
U. arctos. 



It is undoubtedly the fact that there is a greater development of accessory 
tubercles in the case of the tooth in the cave bear than in bears of the arctos type, 
and this tooth probably affords better characters for the separation of the cave 
bear than any other part of the skeleton. An examination of a large series of 
skulls, recent and fossil, of bears of the arctos type, shows that although very often 
pm. 4 is without any internal cusps or possesses only one small one, and though 
they never show the development that occurs in U. spelasiiSy yet that in some cases 
two or even three may be present. Further information w4th regard to the develop- 
ment of these cusps is given in the table on p. 31 ; cf. also PI. VI, fig. 6. 



Cave Bear. 
(4) M. 3 is broader in proportion to its 
length than in bears of the arctos type. 
The outer surface is divided into two 
distinct but low cusps by a deep sulcus. 
The grinding surface is minutely tuber- 
culated (Busk) (r/. PL VI, fig. 5 a). 



Bears of arctos Type. 
M. 3 is subtriangular and narrower 
behind than in U. spelxus. In 
typical examples there is no sulcus 
on the outer border. The grinding 
surface is coarsely ridged,not tuber- 
culated(Bask) {cf. PL VI, fig. 5 h). 



Great stress is laid especially by Busk on the structure of this tooth. It is 
certainly somewhat broader in proportion to its length in the cave bear than in 
bears of the arctos type. While no example of m. 3 from a bear of the arctos type 

1 * Sitzb. Naturf. Freunde Berlin/ 1876, p. 49. 

2 *Proc. Zool. Soc.; 1897, pp. 412—426. 
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was met Avitli showing the peculiar uniform tuberculation of some of the cave bear 
specimens, some of the small mandibles attributed to this species have the surface 
of m. 3 wholly or partially ridged as in bears of the arctos type. 

(5) Boyd Dawkins^ states that the canine is on the whole more massive in the 
cave bear than in the grizzly, especially as regards the root. " It is also generally 
but not always absolutely larger in the crown, as Prof. Busk has remarked in his 
description of the teeth from the Brixham Cave." 



(b) Didiiiijaiiihhuj Gharaders dnnvn from Parts other than the Teeth. 

(1) The relaticely enormous ske of the cave hear. — The size of the cave bear's 
skull, though as a rule much greater than that of the fossil representatives of the 
brown and grizzly boars, is not so much greater than that of the huge grizzlies of 
Alaska and brown bears of Kamtchatka. Also, as pointed out by Owen, a mandible 
from the Forest Bed which he figures,^ and which on account of the complete 
absence of the anterior ])reniolars he attributes to V. spelw^iSy is a good deal 
smaller than a second mandible from Manea fen, which, owing to the large alveoli 
for pm. 1, 3, he regards as belonging to U. arctos. 

(2) l^he relativelij (jreat length of the interspace between c. ami pm. 4 in the cave 
hear. — This certainly is subject to a very large amount of variation, as the table of 
measurements on p. 11 shows ((/. also PI. V). Busk says it is a feature distin- 
guishing the cave from the brown bear ])ut not from the grizzly. Owen quotes it 
as also distinguishing the cave bear from the grizzly. 

(3) The relative n<irrowness of the posterior narial opening in the cave bear. — 
This, again, is a feature showing much variability (see the measurements on p. 11). 

(4) The arched character of the frontal region in the cave beards shall. — In many 
of the huge skulls from French, German, and Belgian caves this is very marked, 
the skull rising into two considerable bosses at the jimction of the frontals and 
nasals owing to the enlargement of the frontal sinuses. In some of the smaller 
cave bear skulls, on the other hand, it is scarcely more noticeable than in those of 
the l^rown and grizzly bears. It is probably a character which increased with age 
and became specially marked in the old males. Owen refers to de Blainville's 
suggestion, that the development of the frontal sinuses depended on the cave bear's 
breathing a fresher, dryer, and more invigorating atmosphere than its present-day 
allies. 

(5) 21ie rapid approach of the temporal crests so as to foim an obtuse angle 
posteriorly. 

1 * Quart. Journ. Geol. Soc./ xxxi, 1875, p. 251. 
- • Brit. Foss. Mainiu. aud Birds,* p. 106. 



URSUS. 29 

(6) The convex character of the lower jaw (Owen and Falconer). — Neither of the 
characters 5 or 6 seems to be constant. 

(7) lite relative shortness of the limb hones ^ especiallff of the tibia in the cave 
bear (Gaudry and Boule). — This appears to be a constant character. 

(8) The relative weakness of the hind limits (Gaudry and Boule). — Gaudry 
and Boule's suggestion in this connection has been referred to on p. 22. 

(9) The relative narrowness of the femur in proportion to its lemjth^ the small 
size of the tuberosity al)Ove the internal condyle^ and tlie projection of the lesser tro- 
chanter a little beyoml the inner niaryin in the cave bear (Owen). 

Comparison of the various Bears of tue arctos Type. 

With regard to the distinction between the brown and grizzly bears, there is by 
no means such a consensus of opinion as there is concerning the distinction of 
the cave bear. Not only de Blainville (1844), but Middendorff (1851), Miiller 
(1872), Busk (1873), Boyd Dawkins (1877), I.ydekker (1884 and 1885), and 
Brown (1894), doubt whether the brown and grizzly bears can be separated 
from one another. 

The points of difference, whether valid or otherwise, have been noted as follows, 
and are mainly due to Owen and Busk.* 

U. arctos. U. horribilis. 

1. m. 2. The unworn crown is much compressed; The unworn crown is less compressed, and there 

there are only two cusps on the outer border are occasionally three outer cusps ; the anterior 

of the tooth, of which the anterior is con- two are more nearly equal in size than U. arctos, 

siderably the larger, and the posterior has in and the third is always small and often wanting, 

most cases a small portion in front con- There is no accessory tubercle cut off from the 

stricted off so as. to form an accessory anterior border of the posterior cusp (Busk), 
tubercle between the two cusps (Busk). 

2. pm. 4 tends to be relatively long. pm. 4 tends to be relatively shorter, and there is 

more of a shelf -like projection of the cinguliun 
at the antero-iutcrual corner (Brown) .=^ 

3. There is a relatively narrow space between c. There is a relatively wide space between c. and 

and pm. 4 . pm. 4 . 

4. The inner posterior cusp or tubercle of pm. 4 The inner posterior cusp of pm. 4 is better deve- 

is very small or absent, and if present there is loped than in U. arctos, and the posterior talon 

no bifid posterior talon projecting from it is commonly bitid or marked by two longi- 

(Busk). tudinal ridges running back from it to the end 

of the tooth (Busk). 



1 * Trans. Zool. Soc.,' x, 1877. p. 60. 

^ * Proc. Acad. Nat. Sci. Philad.,' 1894, p. 119. 
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5. The crown of m. 3 is UBually more angular The crown of m. 3 is usually less angular behind 
beliind than in U. horribilis. There is usually than in U. arctos. In teeth of the typical 
no sinus or constriction on the outer border. triangular form there is no sulcus on the outer 
The grinding surface presents a few coarse border. When the tooth is more elongated it 
folds, but is never tuberculated in the slightest presents a shallow sinus dividing the outer 
degree (Busk). border. The grinding surface is coarsely ridged, 

rarely tuberculated (Busk). 

6. The jugal arcade is more circular (Busk and The jugal arcade is more elliptical (Busk and 
Adams). Adams). 



7. The 



The posterior narial openings are wide (Busk The posterior narial openings are of medium 
and Adams). width (Busk and Adams). 

8. The angular crotchet is less thick and incurved The angular crotchet is thicker and more incurved 

than in U. horribilis (Busk). The coronoid than in U, arctos (Busk). The coronoid pro- 

process is rather less broad and high (Owen). cess is rather broader and higher (Owen). 

9. The claws are less long and straight The claws are longer and straighter (Merriam). 
(Merriam). 

The constancy and importance of the above supposed distinctions may now be 
considered. 

(1) The differences to which Busk refers are very slight, and so far as my 
own observation goes, quite inconstant and unreliable. 

(2) The skulls of U. honibilis in the Zoological Department of the British 
Museum do not show any marked projection of the cingulum at the antero-internal 
corner of pm. 4 , or that the tooth tends to be shorter than in [I. arctos. 

(3) Busk considered that the relative length of the interspace between c. and 
pm. 4, on which Owen laid stress, was not constant. This is also shown by the 
measurements in the table on p. 11. 

(4) Nearly all palaBontologists have laid stress on the structure of pm. 4, this 
being specially the case with Busk. Lydekker considered that Busk attached undue 
importance to the structure of the talon. Brown, too, remarks that two skulls of 
U. horribilis in the British Museum do not possess the longitudinal ridges con- 
sidered by Busk to be characteristic of pm. 4 in this animal, while on the other 
hand a skull of the Isabelline bear, a variety of U. arctos y possesses them. 

(6) The elliptical character of the jugal arcade is variable. In the case of two 
grizzly bear skulls in the College of Surgeons' Museum, in No. 856, the jugal 
arcade is more elliptical than in the brown bear skull No. 836, while in the grizzly 
bear skull No. 854 it is not more elliptical. The skull from Ballymahon in the 
British Museum, attributed by Adams to the grizzly bear, has the jugal arcade not 
more elliptical than the brown bear skull No. 218 e in the British Museum. 

(7) It is generally the fact that the posterior narial opening is wider in the 
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brown than in the grizzly bear, but this difference does not always hold, and skulls 
sometimes show a remarkable amount of variation in this respect. 

Dr. H. Woodward^ quotes Dupont as stating that skulls of brown and grizzly 
bears may be distinguished by the fact that U. arctos has only the last small 
upper premolar (t. e. pm. 3), while the grizzly has also pm. 1. Whether this 
were a true distinction could only be determined by reference to recent skulls, 
and in these it emphatically does not hold. The following table shows the distri- 
bution of the small premplar teeth in a number of bears' skulls, recent and fossil, 
and it will be seen that all the recent skulls of the brown bear referred to, 
show pm. 1 in addition to pm. 3 ; in one case also pm. 2 is present. 



(8) Tablb showing Dkvklopmbnt of Small Pbbmolabs and of Cusps on pm. 4 in Bbabs 

OF THE arctos Type. 



Cbanium and Mandible. 

U. arctos, Kamtchatka, No. 91.12.18.13 (Brit. 

Mus.) 

U. arctos, Jesao, No. 96.4.27.1 (Brit. Mus.) 

U. arctos var. pitcaior, N.W. Asia, No. 93.9.10.1 

(Brit. Mus.) 
U, arctos, No. 61.4.1.3 (Brit. Mus.) 

U. horHhUis, No. 78.6.18.1 (Brit. Mus.) 

U. hornhilU, No. 58.6.18.10 (Brit. Mus.) 

U. horribilis var. horrixus. No. 67.2.23.3 

(Brit. Mus.) 

U. horribilis, Muggendorf (Brit. Mus.) 

U. horribilis,^ Ballynamore (Brit. Mus.) 

U. horribilis, Glonbume ( Brit. Mus.) 

U. horribilis. Bally mahon (Leeds, cast Brit. 

Mus.) 
U. arctos,^ Bourn, Lincoln (Mus. Pract. Geol.) 
U. arctos,^ Burwell fen (Sedgwick Mus.) 

U. arctos,^ Manea fen (Sedgwick Mus. ) 

U. arctos^ (labelled U. spelseus), Cray ford. 
No. M. 5041 (Brit. Mus.) 

Mandible. 

U. arctos, Manea fen (Fig. Owen, p. 106, fig. 
35a), No. M.231 (Brit. Mus.) 

I 17. ordos, St. David's (Brit. Mus.) 

I U. arctos, Qowor, No. 859 (Coll. Surgeons Mus.) 
I r;. horriWWa, Grays, No. 22030 (Brit. Mus.) ... 

U. horHbUis, Deborah Den, No. 40949 (Brit. 
1 Mus.) 



PPAd- 


pm. 2. 


+ 


+ 


+ 


... 


+ 




Alv. one 




side 




+ 


... 


+ 




+ 




+ 




Alv. 


Alv. 


Alv. 




Alv. 




+ 




Alv. 


+ 


Alv. 

i 


Alv. 



pm. 3. 


pm. 1. 


pm. 2. 


pm. 3. 


+ 


+ 






+ 


+ 


One side 




+ 


+ 


... 


... 


Alv. 


Alv. 


... 


... 


+ 
One side 


+ 




... 


+ 


+ 


+ 


+ 


+ 
Alv. 
Alv. 
Alv. 


+ 


•" 


... 


+ 
+ 


Alv. 
+ rt. 
side 




Alv.'rt. 
side 


+ 


... 






+ 










Alv. 




Alv. 




»» 


... 






» 


... 


Alv. 



Cusps on 
pm. 4. 



No cusps. 

1. 2, 3. 
2 (small). 

No cusps. 



No cusps. 
No cusps. 

No cusps. 



No cusps. 



No cusps. 

2 (small). 

1,3. 

Tooth 

wanting. 



NOTE.— The position of the small cusps to which the figures 1, 2, 3 in the last column of the above table 
refer, is indicated in Fig. 6 on PI. VI. In the other columns a + indicates that the tooth is present; if the tooth 
has been lost, but its socket is present, " Alv." is written. 

' Figured. 



' *Geol. Mag.; viii, 1871, p. 197. 
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Personally I am in agreement with the majority of zoologists referred to 
above, in being unable to find valid and constant characters enabling one to 
distinguish between the skeletal parts of the various l)ears of the arctos type. 
This conclusion has been stated by A. E. Brown ^ in the following forcible manner : 
" A critical survey of the cranial and dental characters shows little that is constant 
except varifition, and absolutely forces the conclusion that there is not one 
[character] sufficiently stable and uniform to be of specific vjilue. The European 
bear and grizzly run into one another so regularly that, except in extreme cases, 
there is no possibility of distinction apart from geographical considerations." 

The differences separjvting the cave bear from the others are certainly greater 
than those between the different bears of the arcfos type, but, unless perhaps in the 
case of pm. 4, it is doubtful whether they are sufficiently marked and constant to 
afford specific distinctions. Certainly all the species of Pleistocene bears are 
closely allied and tend to run into one another, and it is perhaps not a matter of 
much practical importance whether they are grouped as one, two, or three species. 
On the whole it has seemed most satisfactory to recognise the specific distinction 
of //. s2)rL'cuSy while grouping all the other Pleistocene bears as U. arctos. 
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IM.ATK 1. 

Cranium ami Mandible. 

Fid. 

1. Ijatoral view of a skull from Banwell (one quarter natural size). 

2. Dorsal ') . . 

\ view of a cranium from Sandford (one third natui'al size). 

3. Lateral ) 

Both specimens are in the Taunton Museum. 
a. Mastoid process of periotic. 
h. Post-orbital process of frontal. 
c. Jugal. 

(L External auditory meatus. 
('. Nasal. 
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URSUS SPEL>EUS. 
Craniuxn &l ma.rLdible 
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PLATE II. 

Plkistocknk Beaks. 
Cranium and Mandible. 

(The cranium one third, the mandibles one half natural size.) 

Fill. 

1 . Posterior view of cranium of U. f<j)eldBiis from Ban well. 

2. Palatal view of mandible from Banwell. 

8. Left mandibular ramus fronj Sandford, seen from the outer side. 

All these sj)ecimens are preserved in the Taunton Museum. The mandibles 
are attributed to U. spelunns. 

a. Occipital condyle. 

h. Mastoid process of periotic. 

d. Condyle of mandible. 

e. Angle of mandible. 
/. (/oronoid process. 
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PLATE III. 

Pleistocene Bears {U. arctos). 
Cranium. 
(One third natural size.) 

Fig. 

1 . Dorsal ^ 

2. Lateral >view. 

3. Ventral ) 

a. Post-orbital process of frontal. 

b. Occipital condyle. 

r. Post-orbital process of jugal. 

d. Mastoid process of pcriotic. 

e. Anterior palatine foramen. 

/. Post-glenoid process of squamosal. 

g. Post-glenoid foramen. 

//.. Infra-orbital foramen. 

?. Lachrymal foramen. 
This specimen, which is preserved in the British Museum (Nat. Hist.), was 
found near Ballinamore, co. Leitrim. It is referred to as Z7. ferox fossilis by 
Busk, ^Pliil. Trans.,' clxiii, p. 5+3 (1873), and Leith Adams, * Trans. Roy. Irisli 
Acad.,' xxvi, p. 225 (1879). 
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URSUS ARCTOS. 
Cranium.. 
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PLATE IV. 

Pleistooene Bears {U. arctos). 
Cranhim aiid Mandihle. 

(Two fifths natural size.) 

Fig. 

1. Dorsal view of the cranium. 

2. The skull seen from the left side. 

3. Ventral view of the cranium. 

This specimen was found in the peat of Burwell fen, and is preserved in 
tlie Sedgwick Museum, Cambridge. 

liettering as in Plate III, with the addition of — 

j. Condyloid foramen. 

/••. End of sagittal crest. 

/. Foramen lacerum posterius. 

vh. Carotid foramen. 

n. External auditory meatus. 

0. Eustachian canal. 

p. Posterior aperture of alisphenoid canal. 

7. Paroccipital process of exoccipital. 

r. Angle of mandible. 
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PLATE V. 

Pleistocene Bears {U. arctos). 

Mandible and Portions of Cranium. 

(P'ig. 3 one half, the others two thirds uatural size.) Each figure shows the 

palatal aspect. 

Fig. 

1. Part of cranium from Crayford (No. M. 5041). Only the teeth of the right 

side and the neighbouring portion of the palate are figured. In the 
British Museum this specimen is labelled U. spelsetiSy but as all the upper 
premolars are represented, it seems better to attribute it to U. arctos. 

2. Part of the right maxilla and premaxilla from Manea Fen (No. 40405). 

3. Mandible from Burwell Fen. 

4. Anterior part of cranium from Manea Fen. 

5. Anterior part of craniiun from Bourn, Lincolnshire. 

The Manea Fen cranium (fig. 4) and the Burwell Fen mandible (filg. 3) are 
preserved in the Sedgwick Museum, Cambridge. The Bourn cranium (fig. 5) is 
in the Museum of Practical Geology, Jermyn Street. The other specimens are in 
the British Museum (Nat. Hist.), South Kensington. 

a. Mandibular condyle. 

b. Coronoid process. 
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PLATK VI. 

Pleistocene Bears. 

/ Wninnru f Drnfifion . 

(Natural size.) 



Fig. 



U, nrdoif, Torbryan Caves, 

Torquay (Mus. of Pract. 

Geol., Jermyn St.). 



1 . Left upper t^oth seen from the inner side 

2. Left lower teeth seen from the inner side 
8. Left upper teeth seen from the outer side 
4. Ticft lower teeth seen from the out/er side 
T). Grinding sui-faee of left m. -i of IL sprlrVMi<, Kent's Cavern, Torquay (Brit. 

Mus.). 
^)ff, Crinding surface of left. m. :{ of IL nrrtos, Torhryan, Torquay (Brit. Mus.). 
i}(t. Left i)ni. 4 //. spcLrn.% inaudible No. M. 59^)5, Cromer Forest Bed (Brit. 

Mus.). 
()/>. LeftpmTl U. frw.r {horrlhilis), mandiJ)le No. 22029, Grays, Essex (Brit. 

Mus.). 
() (\ Right ])m. 4 IL spcKrvs^ mandil)le from Bacton (Brit. Mus.). 
(}fl. Right pm. 4 fJ. mrhs, a recent skull, No. 9().4.27.1, from Jesso, Japan 
(Brit. Mus.). All the teeth in fig. (> nre seen from tlie inner side. 
a. Anterior cone. 
h. Posterior cone. 
r. Inner cusp or lobe. 
(1. Anterior external cusp. 
r. Outer tubercle. 
Tn fig. n, ] = anterior 



2 = middle 
:] z= ])()stoi*ior 



of the small cusps referred to in the last cohimn of 
the table on p. 31 . 



a. 




PLATK VIT. 

Pleistocene Beaus. 

(Two Miinls natural sizo.) 

Fig. 

1 . Atlas, dorsal aspect. 

2. Axis, seen from left side. 

3. Fourth cervical, front view. 

•t. Fourth cervical, seen from the rij^ht side. 

5. Seventh cervical, back view. 

f). First thoracic, front view. 

7. Second thoracic, seen from the left side. 

All the al)ove specimens are from Saiulford Hill, Somerset, and are preserved 
in the Taunton IVluseum. 

a. Vertebrarterial canal. 

h. Neural spine. 

r. Neural canal. 

d. Odontoid process. 

p. Anterior articulating surface for atlas. 

/'. l^re-zygapophysis. 

//. Post-zygapophysis. 

h. Transverse process. 

/. Foramen for exit of sj>inal nerve. 
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PLATE VIII. 

Pleistocene Bears. 

( Vertehrad.) 

(Two thirds natural size.) 

Fig. 

1. Tliird thoracic, front view. 

2. Fifth thoracic, left side view. 

3. Twelfth thoracic, left side view. 

4. Twelfth thoracic, front view. 

5. Fourteenth thoracic, dorsal view. 
G. Third lumbar, left side view. 

7. Third lumbar, front view. 

Figs. 1, 2, and 5 are drawn from vertebrae found in the peat at Burwell Fen, 
and now preserved in the Sedgwick Museum, Cambridge; the others are from 
Sandford Hill, and are preserved in the Taunton Museum. 

a. Neural spine. 

b. Neural canal. 

c. Pre-zy gapophy sis . 
t/. Post-zygapophysis. 

e. Notch for exit of spinal nerve. 

/. Transverse process. 

g. Anapophysis. 

h. Metapophysis. 

i. Facet for articulation with tubercle of rib. 

/. Facet for articulation with head of rib. 
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the * Poiss. Foss. v. Grfes rouge ' after a drawing communicated to him by Dr. 
Malcolmson. The original specimen is stated by Agassiz to be in the Elgin Museum, 
but Dr. Smith Woodward states that it is in the collection of the Geological 
Society of London. Two other fragments of the pectoral appendage from the 
same locality, and now in the Edinburgh Museum, were also described and figured 
by Agassiz as belonging to a distinct genus, namely " FlacotliaraXy' while the 
impressions of three plates from Alves, in the British Museum collection, were 
referred in the same work to the Russian BothHolepis arnata^ Eichwald. The 
bases of the tubercles are in B. major^ as we have seen, frequently stellate, a feature 
wanting in B. oraata^ so far as is known ; and if Eichwald's figure of the entire 
anterior median dorsal plate in his species is correct, that element in B. major 
strongly differs from it in its much greater proportional breadth. 

Another closely allied Russian form is the B. Pavdeii of Lahusen, of which 
there are some fragments, from the Sjass River, in the Edinburgh Museum. From 
these it would appear that, in many places, the tubercles, which are very frequently 
stellate, tend to be not quite so confluent as in B. majoVy and that the angulated 
flexure of the sensory groove on the premedian plate is more acute ; but more 
cannot be said at present. 

As regards the external sculpture of B. majo)\ it is to be noted that, as already 
indicated in the text and borne out by our figures, there are great differences in 
the relative fineness and coarseness of the markings. As a rule this depends on the 
age and size of the individual, the smallest specimens having the finest sculpture 
and vice versa, but instances also occur (see PI. XXriI, figs. 5 and 6), in which })lates 
of much the same size differ markedly from each other in this respect. The same 
remarks apply more or less to other species of Asterolepidae. 

Geological Position aiid Localities. — Characteristic of the middle division of the 
Upper Old Red Sandstone of the Moray Firth area, the remains of Bothriolepis 
viajor are found in all the localities for fish-remains in that series, as — 

Banks of the Findhorn River ; 

Old quarries at Whitemire, near Brodie Station ; 

Garden Hill, Sweet Hillock, Rocky Park, Millstone Quarry, and Newton 
Quarry, near Alves ; 

Redhall Quarry, near Fochabers ; 

Scat Graig ; 
also in the uppermost or " Rosebrae " beds of the same formation at Rosebrae 
and Laverock Loch, near Elgin. 
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BoTHRiOLEPis OBESA, Trcupuiir. Plates XX VII aud XXVIII. 

1888. BoTHBioLEPis OBE8A, Troquair. Gkol. Mag. (3), vol. v, p. 510. 

1891. — — A. 8. Woodward, Cat. Fobs. Pishes Brit. Mus., 

pt. ii, p. 228. 
1893. — ^ — Traquair. Proc. Eoj. Phys. Soc. Edin., vol. xi, 

p. 285. 

Sjyecijic Characters. — Anterior median dorsal plate carinated ; the other plates 
indicate a peculiarly short, thick-set form of carapace ; tuberculation similar to that 
of B. majoi\ 

Description. — All the figures illustrating this species on PL XXVII and XXVIII 
are three quarters natural size. 

The specimens used as types by me in my original brief description (* Geol. 
Mag./ 1888) are from the neighbourhood of Jedburgh and must therefore be 
noticed first. 

In PL XXVIII, Fig. 1, is shown a specimen of the right anterior ventro-lateral 
plate, cut ofE behind by the edge of the stone, but showing the regularly convex 
outline of the anterior margin in its entirety. The position of the large articular 
fossa for the pectoral appendage is seen as well as the remains of the brachial, or 
" helmet " process itself. More than one half of the bony substance of the plate 
has flaked off, showing the smooth internal cast below ; what remains is, however, 
of considerable thickness, and is ornamented by a confluent tuberculation similar 
to that which occurs on most plates of B. major. 

In Fig. 2 we have a specimen of the left anteHor ventro-lateral plate, unfortu- 
nately deficient at the anterior and external part in front of the articular fossa ; 
otherwise the contour of the plate is complete. The first thing which strikes the 
eye is the large size of the articular fossa and its relatively posterior position on 
the outer side of the plate ; and the next is that the posterior margin of the ventral 
or horizontal portion of the plate passes obliquely across in a slightly convex line. 
Along the inner margin we see very distinctly the narrow area overlapped by 
the corresponding plate of the other side. 

Fig. 3 shows the horizontal part of the left posterior ventro-lateral plate, 
deficient, however, posteriorly, as the hinder extremity is cut off by the edge of 
the stone. Here the anterior margin is seen to pass straight across, cutting the 
inner one at a right angle, which seems to show no truncation for a median 
ventral. Was the last named plate absent in this case? I think not; my 
explanation of the appearance being that the anterior margin of the plate is 
deficient. 
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The same specimen placed horizontally and seen from the outer side is shown 
in Fig. 4. Here we have a view of the ascending lamina of this posterior ventro- 
lateral plate, which is seen to be proportionately higher than in B. major. The 
external ornament is here almost completely gone. 

In Fig. 5 we have a view of the right posterior dorso-lateral plate from which, 
unfortunately, the greater part of the outer surface has been lost, so that only the 
faintest traces of external sculpture are seen. Its high and broad contour may be 
noted, as well as the narrow area in front, where it is overlapped by the anterior 
dorso-lateral, above which, and along the anterior part of the upper margin, is an 
internal impression of the arm, which overlaps the anterior median dorsal. 

In PL XXVII, Fig. 1, is represented a specimen of the antei^or median dorsal 
plate. It is, unfortunately, a " bad " specimen, as it wants the posterior extremity 
and is also considerably broken away along the sides, besides which most of the 
bony material of the plate is gone. The outlines of the areae on each side over- 
lapping the anterior dorso-lateral plates clearly indicate the genus Bothnolepisy 
while the elevated form of the plate, distinctly carinate posteriorly, is in marked 
distinction to the condition in B. major. 

The internal surface of this plate {anterior median dorsal) is shown in Fig. 2, 
PI. XXVII, taken from a plaster mould. Comparing this with the corresponding 
view of the same plate in B. major (PI. XXIV, Fig. 2), we find a general agree- 
ment as to outline and markings, with a very decided difference in this respect, 
that while in the latter the surface is much flattened, in the present plate it is 
deeply hollowed longitudinally, the hollow indicating, of course, a corresponding 
longitudinal elevation or carina, of the middle of the outer surface. 

Turning now to the remaining specimens, which are from Harelaw, near Chirn- 
side, in Berwickshire, we find that they exist only as impressions on the stone, 
a coarse, deep brick-red sandstone, and consequently the figures here given of 
them are taken from plaster moulds, as in the case of most of the plates of B. rnajm- 
from Alves. Fig. 3, PI. XXVII, represents a broken antenor median dorsal plate 
showing marked carination behind the central point, and a sculpture resembling 
that of B. major. Posteriorly, part of the area overlapped by the posterior median 
dorsal is observable. In Fig. 4 we have a left posteiior dorso-lateral plate, which, 
however, unfortunately wants a considerable portion above and in front. The 
longitudinal carina dividing the dorsal from the lateral surface is here prominently 
developed, the lateral sensory groove being seen a little way under it. All the 
articular areae of the outer surface of this plate in Bothriolepis are seen — namely, 
one above and behind, overlapped by the posterior median dorsal, an extensive one 
below overlapped by the ascending lamina of the j)osterior vcntro-lateral, and 
another in front overlapped l)y the anterior dorso-lateral. 

Fig. 5 represents a portion of the plates of the upper arm, seen from the inside, 
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and having the outer margin placed upwards. It is to be noted that this outer 
margin displays a row of stout denticles like those in B. canadensis, etc. 

In Fig. 6 we have a plaster mould of a fragment of a head, showing a large 
portion of the median occijntal, and nearly the whole of the post-median plate. The 
former plate seems to differ from the corresponding one in B. m^jor, by having the 
posteriorly directed apex of the V-shaped sensory groove somewhat farther forward. 

Reynarkii. — In looking ])ack on the rather fi'agmentary material w^hich I have 
brought together under the term Uothriolejm ohesa, it is difficult to clear one's 
mind altogether of a doubt as to whether more than one species may not l>e here 
included. In other words, might not possibly the Harelaw specimens (PL XXVII, 
Figs. 8 — 6) be different in that respect from the others which are from the neigh- 
bourhood of Jedburgh ? It is, however, difficult to formulate unmistakable evidence 
of such a view, so I consider it better to keep the specimens together under one 
name until further material is forthcoming. Meanwhile, taking everything into 
account, we have here a form distinguished from B. major by the obvious carina- 
tion of the anterior median dorsal plate (the posterior one is not yet in evidence), 
tlie short and deep aspect of the lateral plates, and, if the samples from Harelaw 
])olong to the same species, also by the prominent serration of the outer aspect 
of the external marginal plate of the pectoral appendage. Further material 
is much to be desired, as I have seen no specimens save the few which are pre- 
served in the Natural History Department of the Royal Scottish Museum, and in 
the Collection of the Geological Survey of Scotland. These were, I imderstand, 
nil obtained from quarries which have not been worked for many years. 

Geological Position and Localities. — The specimens represented on PI. XXVIII, 
Figs. 2—4, and on PI. XXVII, Fig. 2, are from Rule Water, Jedburgh, Roxburgh- 
shire; those seen in PI. XXVII, Fig. 1, and in PI. XXVIII, Figs. 1 and 5, are 
also from the neighbourhood of that town, though the precise locality is not 
known, while Figs. 3, 4, 5, and 6 on PI. XXVII are taken from plaster moulds 
of specimens from Harelaw, near Chirnside, in Berwickshire. 



BoTHJiioLEPis LEPTOCHEiRus, Tvaquaiv. Plate XXIX. 

1869. Ptbbichthys major, A. Qeikie, Expl. of Sheet 14. G^eol. Survey of 

Scotland, pp. 12 and 13. 
1882. — -^ A. Geikie. Text-book of Geology, p. 716. 

1888. BoTHRioLEPis MAJOR, R. H. TraquaiT, Ann. and Mag. Nat. Hist. (6), 

vol. ii, p. 601. 
1892. — LEPTOCHEIRUS, jB. H, Traquaiv. Proc. Eoy. Phys. Soc. 

Edin., vol. xi, p. 286. 
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Specijic Gliaractei's. — Plates of carapace fhin^ sculpture as in B. majoi% but 
relatively rather finer ; median dorsal plates not keeled ; pectoral appendages long 
and slender ; no prominent denticulations observable on their outer margins. 

Description. — The remains of this species occur, like those of the larger species 
of Bothriolepis generally, in a dislocated condition, the only elements found in 
apposition being those of tlie upper arm, which may also still remain in conjunction 
with the anterior ventro-lateral plate. Such a specimen is seen, natural size, in 
PL XXIX, Fig. 3, which represents the outer surface of an almost complete 
example of the right antei'ior ventrO'laternl plate, with the proximal part of the 
pectoral limb attached. The bony matter of the plate is relatively thin, but the 
external sculpture is seen to present the same tuberculo-reticulate character which 
we have already seen in B. major^ though relatively more delicate than is usually 
the case in the last named species. Attached to the articular fossa of this plate is 
the proximal segment of the arm, but split through the middle so as to show the 
internal surfaces of the plates forming its dorsal aspect. We are struck with the 
proportionally long and slender appearance of this upper arm, compared with the 
same part in other species, and this character is also shared by the distal portion 
represented in Fig. 5. Fig. 4 shows the isolated articular element of the arm, 
with an imperfect posterior median-dorsal plate on the same portion of stone. The 
former, seen from the external surface, is proportionately more slender than in 
B. majcyr (see PI. XXVI, Figs. 2 and 3), as its greatest breadth is contained three 
and a third times in its length, whereas in B. major the proportion is as one to 
three. In other examples of the upper arm of B. leptocheirus the proportion of the 
breadth to the length of this articular element is as one to three and a half. No 
specimen of the arm shows any prominent denticulation of the external marginal 
element, the species agreeing in this respect with B. major. 

As to the peculiar proportional slenderness of the arm, on account of which I 
have given the name of leptocheims to the present species, there can be no doubt, 
but at the same time I rather think that this slenderness is more due to propor- 
tional narrowness than to excessive length. 

In Fig. 2 we have a portion of the outer aspect of the upper end of an arm, 
showing the junction of the two articular elements, dorsal and ventral, over the 
proximal end of the exteimal marginal. 

Fig. 1 shows the premediav plate of the top of the head with the sensory groove 
crossing it just behind the anterior margin. In form and in general aspect it 
scarcely differs from that in B. major. 

Returning to Fig. 4, wo have noticed that it displays, ])osides the already 
described articular plate, a considerable portion of a posterior median dorsal. This 
is seen with the posterior extremity and margin directed uj)wards; such of the 
bony matter as is present is viewed from the internal aspect, and where it has 
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flaked off the impression of the outer sculpture is seen on the stone. From this 
impression it is clear that there was no median carina. 

Other plates found in a more or less fragmentary condition on the few slabs 
showing remains of this species in the Royal Scottish Museum, are the anterior 
median dorsal, which, like the posterior one, seems to have no median carina — the 
anterior and posterior dorso-laterals^ and the posteinor ventro-latei^al — ^but want of 
space prevents me from giving figures of them. Their external sculpture agrees 
witli that shown in the figures given in PI. XXIX, while in contour they resemble 
the plates of B. major. 

Remarks. — The plates of this species were referred by Sir A. Geikie in 1869 atid 
in 1882 to ^^ Pterichthys^^ major ^ and in 1888 I also considered them as belonging 
to the same species, which I placed, however, in Bothriolepis. Subsequent closer 
study convinced me of their specific distinction, and accordingly in 1892 I 
separated them under the name of Bothriolepis leptocheirus. 

Geological Portion and Locality. — From the Upper Old Red Sandstone at the 
Heads of Ayr, Ayrshire, in the collections of the Royal Scottish Museum and of 
the Geological Survey of Scotland. In the latter collection there are also an 
anterior dorso-lateral plate and some other fragments froip the same formation at 
Siccar Point, Berwickshire, which are, in my opinion, also referable to this species. 



BoTiiitioLEPis HYDROPHiLA, Agassiz, sp. Plate XXX, figs. 1 — 3. 

1844. Ptbeichthys hydrophilus, Agassiz. Poiss. Foss. v. Gres rouge. Atlas, 

pi. iv, figs. 4—6. 

— Pamphr ACTUS — Agassiz. Ibid., text pp. 5 and 21. 

— — Andebsoni, Agassiz, Ibid., p. 21. 

1845. HoMOTHORAx Flbminqii, Agassiz. Ibid., p. 134, pi. xxxi, fig. 6. 

1848. Ptbeichthys hydrophilus, Egerton and Hugh Miller, Quart. Joum. Geo\. 

Soc., vol. iv, pp. 312, 314. 
1859. Pamphractus Anderson i = Pterichthys hydrophilus, /. Anderson. 

Dura Den, pp. 49, 52, pi. i, fig. 1. 
1862. Pterichthys hydrophilus, /. Powrie. Quart. Journ. Geol. Soc., vol. xviii, 

p. 435. 
1888. Bothriolepis hydrophilus, R. H. Traquair. Geol. Mag. (3), vol. 5, p. 510, 

and Ann. and Mag. Nat. Hist. (6) 
vol. ii, ]). 500, pi. xviii, figs. 4, 5. 
1891. — HYDROPHILA, A. 8. Woodward. Cat. Foss. Fishes Brit. 

Mus., pt. ii, p. 230. 

Specific Characters, — Ijength of head contained three times in the total of the 
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dorsal aspect; breadth of dorsal part of body-carapace equal to its length; posterior 
median dorsal and posterior part of anterior median dorsal plates distinctly carinate; 
external surface of body-plates covered with a reticulate sculpture, which is in 
places slightly nodose; proximal part of pectoral appendage rather broad and 
relatively long, being nearly twice as long as the distal part, and having a row of 
specially strong denticles along its outer margin. 

Description. — The head is shown in PI. XXX, Fig. 2, in impression in Fig. 1, 
an4 in restored outline in the appended Text-figure 62, and shows this peculiarity, 
that in no specimen have I been able to discover any commissure of the lateral line 
system across the pre-median plate in front of the orbit. The plates filling the 
orbital space are, however, pretty well exhibited in Fig. 2. 

Pio. 62. 




Restored outline of the dorsal surface of Bothriolepis, hydrophila, from specimens in the Royal 
Scottish Museum, a., anconeal ; a. m. d., anterior median dorsal ; a. d. I., anterior dorso-latcral ; 
ar., articular ; m., marginal ; p. d. I., posterior dorso-lateral ; p. m. d., posterior median dorsal ; p. r. I., 
posterior ventro-lateral. 



The dorsal aspect of the carapace is also shown in Fig. 2, and we have a very 
good impression of it in the left-hand specimen on the slab depicted in Fig. 1. 
The anteinor median dorsal plate is worthy of attention, as in most cases a right 
and left shallow-pointed depression, passing backwards and inwards from the 
antero-lateral angle, meets its fellow of the opposite side at an angle in the middle 
line about the junction of the anterior and middle thirds of the plate, the two 
depressions bounding between them a gently convex triangular portion, with 
backwardly directed apex. This is seen in Fig. 2, but more especially in the 
detached plate from Clash bennie represented in Fig. 3. Behind this the posterior 
third of the plate shows a distinct median carination, which is continued backwards 
on the posterior median dorsal. The other plates of the dorsal surface show 
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nothing special as regards tlieir contour, nor do those of the ventral aspect, which 
is the one shown by the right-hand specimen in Fig. 1. It is, however, to be noted 
that this ventral part of the carapace is, in this individual, not preserved in the 
centre, and that this is the case in most of the specimens lying in a similar position 
which I have as yet seen. 

IMie external surface of the plates of the head and body is covered with a 
sculj)ture, which has the original tuberculation mostly so confluent as to produce a 
pitted-reticulate appearance, which, though nodose in places, seems most appro- 
priately to agree with the term " Bothriolepis." As shown in the restored outline, 
Text-fig. G2, the V-shaped sensory canal on the anterior median dorsal and posterior 
dorso-lateral plates is disposed quite as in B. Gaiuuleims (Text-fig. 57, p. 112), but, 
as already mentioned, I have seen no trace of the usual transverse commissure of 
this system on the head in front of the orbit. 

The pectoral appendages are not longer than is usual in the genus Botkrlolejpia, 
but the proximal segment, twice as long as the distal one, is broad and strongly 
denticulated along the outer margin. 

IteniarJcs. — If I am right in referring the plate represented in PI. XXX, Fig. 3, 
to this species, then Dr. Fleming was the first to figure any relic appertaining to it. 
For this plate, now in the Royal Scottish Museum, is the one, from the Upper Old 
Red of Clashbennie in Perthshire, figured by that pioneer in Scottish palaeontology 
in 1831,^ of which he wrote that "in external appearance it bears a very close 
resemblance to some of the scales on the conmion sturgeon." That this detached 
plate is the anterior median dorsal of a Bothriolepis there is not the smallest doubt, 
and my idea that it belongs to B, hj/droj^hila is founded, first, on the manner in 
which a triangular area, with backwardly directed apex, is marked off in front by 
two convergent shallow depressions, and, secondly, on the reticulate-pitted nature of 
the sculpture, which is, however, relatively coarser than in the Dura Den specimens. 
As regafds the latter, among which, of course, are the types of the species, the 
first notice and figure were given by the Rev. Dr. Anderson in 1840 in a publica- 
tion called * Fife Illustrated,' vol. i, pp. 195, 19G.' Here the creature is given a 
place among the Coleoptera or beetles, and is said specially to " resemble the family 
of Curculionidas, of which the diamond beetle is an example of the existing race, 
but of the most insignificant dimensions as compared w^ith the Dura fossils." He 
remarks, however, on the apparent absence of elytra and antennae, and on the fact 

^ * Edinburgh Journal of Natural and Geographical Science/ vol. iii, Feb., 1831, pp. 85, 86, 
pi. ii, fig. 3. 

* * Fife Illustrated,' or * History of the County of Fife,* by J. Leighton and J. Swan, with steel 
engravings by J. Stewart, three vols. 4to, Glasgow, 1840. In Vol. I a chapter on the Geology is 
contributed by the Rev. Dr. Anderson, with one plate of fossils, fig. 6 of which represents the supposed 
" beetle." 
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that " the number of legs are limited to two in every one of the specimens in my 
possession, amounting to impressions of twenty animals." The following year 
(1841) saw the publication of Hugh Miller's * Old Eed Sandstone/ ^ in which 
classic work the talented author rather scoffed at Dr. Anderson's " beetle," and 
even went so far as strongly to hint that the figure was purposely made up 
so as to make the creature look more insect-like. But the good clergyman, however 
slender his acquaintance with zoology might be, was not guilty of wilful pictorial 
misrepresentation; his figure is not bad, and no present-day palaeichthyologist 
could be in doubt as to the affinities of the animal it was meant to represent. 
In the same place Hugh Miller mentions that Agassiz had pronounced it to be a 
Pterichthys^ an opinion with which he cordially agreed. And as " Pterichthys hydro- 
phil/as " the figures of the species given in Table IV of the " Atlas " to the * Poissons 
Fossiles du vieux Gres rouge ' (1844) are designated, though in the letterpress and 
in the case of the restored figure in Table IV the generic name Pamphractus is 
adopted, of which new genus the main distinctive characters were " le developpement 
excessif de la plaque centrale de la carapace, qui atteint Tarticulation de la tete, 
I'absence d'un ceinture thoracique faisant lo tour du corps; et la demarcation 
distincte de I'articulation occipitale " (text, p. 20). But, as shown in 1848 by Sir 
Philip Egerton and Hugh Miller, Agassiz, having all along mistaken the ventral 
for the dorsal surface of Pterichthys^ might well find a difference between that and 
the real doi*sal surface of the Dura Den fossil, which in his restored figure (op. cit., 
pi. vi, fig. 2) is quite recognisable as dorsal in spite of errors of detail. For, 
of course, the so-called " plaque centrale," with its " developpement excessif," and 
attaining the articulation of the head, is the anterior median dorsal, and the 
occipital articulation only appears on the dorsal aspect of the fish. The genus 
Pamphractus was, therefore, abolished by Egerton and Miller, and the species 
hydrophilus restored to Ptenchthys. More than this, Hugh Miller in the same 
paper also decided that the drawing received from Fleming, and on which Agassiz 
founded his " Homothorax Flemingii^'' represented '* the under surface of the 
Pamphractus drawn from a rather imperfect specimen of Pterichthys hydrophilus ^ 
which did not indicate the divisions of the plates." There can be no doubt that 
this is a correct interpretation of the figure of this supposed additional genus from 
Dura Den given by Agassiz on pi. xxxi, fig. 6, of his * Poissons Fossiles du vieux 
Gres rouge.' 

That the Dura Den Asterolepid belonged to a genus different from Pterichthys 
was, nevertheless, perfectly true, though the reasons for separating it given by 
Agassiz did not hold. For when, in 1888, I looked into the question of the 
structure and classification of the Asterolepidas I found that Pterichthys hydrophilus, 
Ag., and Pt. macrocepholus^ Egerton, must certainly follow Pt majors Ag., into 
1 * The Old Eed Sandstone/ ed. 1, 1841, pp. 173-174. 

11) 
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the genus Bothriolepis (see p. 110). The close affinity of B. hydrophila to B. Cana- 
densis may be at once seen on comparing the restored figures which I have given 
of each (pp. 112 and 125). 

Geological rosition and Localities. — From the Scottish Upper Old Red Sand- 
stone. Unless Fleming's isolated plate from Clashbennie (PI. XXX, Fig. 3) 
belongs to the same species, the only known locality for Botlniolepis hydrophila 
is Dura Den, in Fifeshire, where, like the Hohptychius Flemingiiy it has occurred 
in large numbers, closely packed together, one slab in the Royal Scottish Museum, 
measuring nineteen by eleven inches, containing no less than twenty examples, 
complete and incomplete. It would seem, however, that the BothHolepis bed is not 
the same as that in which the remarkable shoal of Holoptychii lies entombed, but 
according to Dr. Anderson is " about fifty feet above the Holoptychius bed, which 
lies in the bottom of the ravine, and level with the rivulet which traverses it " 
(^ Dura Den,' p. 52). 



BoTHinoiiEPis MACROCEPHALA, Egei'tou^ sp. Plate XXX, figs. 4, 5, G. 

1862. Ptbrichthys macbocephalus, Egerton, sp. Quart. Joum. Geol. Soc., vol. 

xviii, p. 103, pi. iii, figs. 7 — 9, 
text-figs. 1—3. 
1888. Bothriolepis — B. H. Traquair. Qteol. Mag. (3), vol. v, 

p. 510, and Ann. and Mag. Nat. 
Hist. (6), vol. ii, p. 501. 
1891. — MACROCEPHALA, A. 8. Woodward. Cat. Foss. Fishes Brit. 

Mus., pt. ii, p. 231. 

Specific Characters. — Length not much over one inch ; head large, measuring 
about two thirds tlie length of the dorsal surface of the body carapace; dorsal 
aspect of the body broad, ventral flat portion comparatively narrow; median 
ventral plate small ; external surface of plates minutely pitted, reticulate ; outer 
margin of proximal segment of arm distinctly serrated. 

Descnption, — The specimen represented in PL XXX, Fig. 4, shows the dorsal 
surface with the head, but the last-named part looks almost like a ring, as the bone 
is largely injured and lost over the central region. Nevertheless, we are struck 
by the large size of the head, which shows a length equal to two thirds of that of 
the body carapace. The sculptm'e of the plates of the body is lost. The right 
pectoral appendage is shown, but in the drawing it has not been made long enough; 
some evidence of the marginal denticulation is shown on the outer aspect of the 
proximal portion (British Museum, P. 606). 

Fig, 5 shows the creature from the ventral aspect, and the narrow contour 
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of the uuderinosfc flat surface is well seen, while the outlines of the anterior and 
posterior ventro-lateral and median ventral plates are clearly traceable. The 
outer surface of the plates being lost, the sculpture is, of course, also invisible. 
Both pectoral appendages are exhibited, and the finely denticulated or serrated 
outer edge of the proximal segment is well seen in the appendage of the left side 
(British Museum, P. 196). 

In Fig. 6 we have also the under surface of the animal, and its contour looks 
broader on account of some amount of special pressure and flattening to which the 
specimen has been subjected. In this example the denticulation of the outer 
margin of the proximal part of the arm is seen to be proportionally just as strong 
as in i?. hydrophila (British Museum, 36442). 

The specimen in the British Museum (P. 195), from which fig. 9, pi. iii, in 
Egerton's description is taken, but which is not reproduced here, shows a sharp 
impression of the outer surfaces of the anterior ventro-lateral plates, and of a 
portion of the left pectoral appendage, which impression is minutely tuberculated, 
showing that the original sculpture of the plates themselves must have been of a 
finely pitted character, resembling that of B. hf/drophila. 

Remarks. — Originally described as a Pterichthys, this small Asterolepid was 
transferred by myself to Bothriolepis^ and its resemblance to B. hydrophila is so 
great that it is designated by Dr. Smith Woodward in his * Catalogue' as "a 
variety or species, so far as known, merely differing from the typical B, hydrophila 
in its much smaller size." However, the head, as indicated by Sir Philip Egerton's 
specific name " macrocephala^'' seems to be proportionately larger than in the Dura 
Den form, and so it may rest as a distinct species in the meanwhile. 

Sir Philip Egerton, in his original paper on this form, appealed to appearances 
presented by the specimens he examined, and which are now all in the British 
Museum, in support of his view, that the pectoral appendages of " Pterichthys " 
were borne on a pair of " thoracic " plates separated by suture from the anterior 
ventro-laterals. The fact is that, the bony matter of these plates being pretty much 
scaled off, the ivipression of the internal transrerse ridge^ which passes across the 
anterior ventro-lateral plate, a little behind the front, comes into view, which 
impression on superficial examination is misleadingly suggestive of an actual 
division. The non-existence of the so-called thoracic plates was amply proved by 
myself for the Asterolepidae in general in 1888. 

Geological Positijon and Locality, — The only known specimens have been found 
in the yellow sandstone (Upper Old Red) of Farlow, in Shropshire. 
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BoTiiiaoLEris cuistata, Traquair. Plate XXXI. 

1896. BoTHEioLBPis CEI8TATA, 72. fl". Tra^iwiir. In Harne-Brown and Buckley's 

Vert. Fauna Moray Basin, 
p. 266, pi. ix. 

fippcific Chnracters, — Dorsal surface furnished with an elevated laminar median 
crest, rising from the posterior half of the anterior median dorsal plat-e and the 
anterior half of the posterior median dorsal ; sculpture of plates finely tuberculo- 
reticulate. 

Descnptioii. — Shortly before his lamented death the late Rev. Dr. Gordon 
showed me a specimen of Bothiiolepis from Rosebrae, near Elgin, with the appear- 
ance of which I was immediately struck. The body carapace with what remained 
of the head, ])eing removable from the matrix, was in a singularly uncompressed 
state ; the back, having only received a slight oblique squeeze from left to right, 
was seen to be more lofty in shape than is usual in the species of this genus, while 
the matrix showed apparently the impression of an elevated laminar crest rising 
from the middle line of the dorsal surface. Shortly afterwards Mr. William 
Taylor, of Lhanbryde, procured from the same quarry two specimens showing 
the impression of part of the back in such a way as clearly to prove the existence 
of this singular crest. 

Dr. Gordon's specimen has been already figured by me in Harvie-Brown and 
Buckley's ' Fauna of the Moray Basin.' It is now in the Elgin Museum, to the 
Directors of which I am indebted for a second loan of it for the purpose of this mono- 
graph. Mr. Taylor kindly presented his specimens to the Royal Scottish Museum. 

Fig. 2, PI. XXXI, shows the specimen first referred to, still in the matrix, and 
seen from the right lateral aspect, whereby the unusual height (for Bothnolepis) of 
the sides is brought into view. This is seen to be due to the considerable relative 
depth of the lateral portions of the anterior and posterior dorso-lateral plates as 
compared with the condition in such species as B. majoi% Canadenids^ or hydro- 
])lnla. Then on the matrix at o, the impression of the dorsal crest is seen arising 
from the middle line of the anterior median dorsal {a. m. d.) just behind the centre 
of the plate, whence it is continued backwards over two thirds of the extent of the 
posterior median dorsal (p. m. d.) ; the crest itself is highest about the middle third, 
and falls away gently both in front and behind. 

In Fig. I we have the specimen removed from the matrix and seen from the 
dorsal aspect. This view requires little comment, except that the carapace 
appears shghtly narrower in proportion to its length than is ordinarily the case in 
Bothriolepi^. The head is much injured and presents no points for description. 



PLATE XXVII. 

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities 

of Scotland,) 

Pio. 

1 . Imperfect anterior median dorsal plate of Bothriolepis obesa^ from the neigh- 

bourhood of Jedburgh. The bony matter has extensively flaked off, so that 
only feeble traces of the external sculpture remain. 

2. Anterior median dorsal plate, internal surface. From a plaster mould of an 

impression from Rule Water, near Jedburgh. Collection of Geological 
Survey of Scotland. 

3. Fragment of an anterior median dorsal plate, outer surface showing sculpture. 

From a plaster mould of an impression from Harelaw, Chirnside, Berwick- 
shire. Hugh Miller Collection. 

4. Left posterior dorso-lateral plate, showing external sculpture and the arese 

overlapped by the anterior dorso-lateral, the posterior ventro-lateral, and 
the posterior median dorsal; a considerable portion of the plate is 
unfortunately deficient at the anterior superior (or internal) angle. Prom 
a plaster mould taken from an impression from Harelaw, Chirnside^ 
Berwickshire. Hugh Miller Collection. 

5. Fragment of the proximal segment of a pectoral appendage placed horizonaUy^ 

showing portion of the articular, internal marginal, and external marginal 
plates, seen from their internal surfaces. Note the stout denticulations on 
the outer aspect of the external marginal. From Harelaw, Chirnside, in 
the Huofh Miller Collection. 
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6. Part of the median occipital and post-median plates showing external sculpture. 
From a plaster mould taken from an impression from Harelaw, Chirnside, 
in the Hugh Miller Collection. 

All these figures are two thirds natural size, and with the exception of that of 
Fig. 2, all the originals are in the collection of the Royal Scottish Museum. 
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PLATE XXVIII. 

(The cost of this plate was defrayed by the Carnegie Trust for the Universities 

of Scotland.) 

Fio. 

1. Right anterior ventro-lateral plate of Bothnolepis ohesa^ deficient at postOTor 

margin. From Jedburgh, in the Powrie Collection, Royal Scottish Museum. 

2. Left anterior ventro-lateral plate, somewhat deficient in front of the articular 

fossa for the pectoral appendage ; 6. p. brachial process. Rule Water, 
Jedburgh, in the Collection of the Geological Survey of Scotland. 

3. Imperfect left ventro-lateral plate, seen from below. From Rule Water, 

Jedburgh, also in the Collection of the Geological Survey of Scotland. 

4. The same specimen seen from the outer side. 

5. Right posterior dorso-lateral plate, seen from the outer side, but owing to 

flaking off of the surface the sculpture is nearly completely lost. From the 
neighbourhood of Jedburgh, in the Royal Scottish Museum. 

All these figures are two thirds natural size. 
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PLATE XXIX, 

(The cost of this plate was defrayed by the Carnegie Trust for the Universities 

of Scotland.) 

Fig. 

1. Bothriolepis leptocheirus^ premedian plate. Heads of Ayr, in the Hugh Miller 

Collection. 

2. Fragment of the articular extremity of a pectoral appendage, outer side, 

showing the two articular plates meeting over the proximal end of the 
external marginal. Same locality and collection. 

3. Right anterior ventro-lateral plate, external surface. Attached to it is the 

proximal portion of the corresponding pectoral appendage, but split 
open, so as to show the internal surface of its dorsal elements. 

4. Portion of rock showing an articular plate of the pectoral appendage and an 

imperfect posterior median dorsal. The latter is lying so that its 
posterior extremity points upwards. Same locality and collection. 

5. Terminal segment of a pectoral appendage. 

All the figures on this plate are of the natural size, and the originals are the 
property of the Royal Scottish Museum. 
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PLATE XXX. 

(The cost of this plate has been defrayed by the Carnegie Trust for the 

Universities of Scotland.) 

Fio. 

1. Bothriolepis hydrophila, portion of a slab which was given by the late Rev. 

Dr. Anderson of Newburgh to the Highland and Agricultural Society, 
and is now in the Royal Scottish Museum. On the right side is an 
entire specimen, seen from the ventral aspect ; on the left is a sharp 
impression of the dorsal surface of another, but wanting the "arms." 
From Dura Den, near Cupar, in Fifeshire. 

2. Bothriolepis hudrophila. Nearly perfect specimen of the dorsal surface of 

the head and carapace. From the same locality, and also belonging to 
the Royal Scottish Museum. 

3. Anterior median dorsal plate of a small Botlmolepis^ from Clashbennie, in 

Perthsliire, and which seems in all probability to be referable to 
B. hiiih'ophila. Roughly figured by Fleming in 1831 (see page 126). 
Fleming Collection, Royal Scottish Museum. 

4. Bothriolepis macrocephala. One of Sir Philip Egerton's types, and already 

figured by him (see page 128). Egerton Collection, British Museum 
(Natural History). From Farlow, Shropshire. 

5. The same species — body, with pectoral appendages, seen from the ventral 

aspect. Farlow, Shropshire. Weaver-Jones Collection, British Museum 
(Natural History). 

6. The same species, ventral aspect. This is the second of the type specimens 

already figured by Sir Philip Egerton (see page 129). From Farlow. 
In the British Museum (Natural History). 

All the figures on this plate are of the natural size. 
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PLATE XXXI. 

Tlie cost of this plate has been defrayed by the Carnegie Trust for the Universities 

of Scotland.) 

Fia. 

1. Ilothrivlepis criitata, removed from the matrix, dorsal view. For explanation 

of lettering see restored outline of li. Canadensis on p. 112. Rosebrae 
Quarry, Elgin, in the Elgin Museum. 

2. IMie same specimen replaced in the matrix and seen from the right side, the 

impression of the median crest being seen at C. 

i5. impression of the ventral surface of the same specimen, showing the pectoral 
appendages, which, however, are imperfect, 

t. Fragment of an impression of the dorsal aspect of Botkriolepis cinstata^ showing 
the (leoj) narrow slit left l)y the median dorsal crest. From Rosebrae, in 
the Royal Scottish Museum, to which it was presented by William Taylor, 
Escp, Lhanbryde. 

All the figures on this plate are of the natural size. 
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PINNA. 97 

? 1888. Pinna Robinaldina, P. Choffat. Stratigr. et Paleont. d' Angola (M^m. Soc. 

phjs. et d'hist. Dat. de Genive, vol. xxx, 
No. 2), p. 86, pi. V, figs. 4, 5. 

? 1903. — — (7. Burckhardt. Jura u. Kreidef. d. Cordillere (Palce- 

ontographica, vol. 1), p. 79, pi. xv, 
figs. 6, 7. 

? 1905. — cf. Robinaldina, E, Harhort. Fauna d. Schaumburg-Lippe'schen 

Ereidemulde (Abhandl. d. k. preus- 
sisch. geol. Landesanst., N.F., Heft 
45), p. 47, pi. V, fig. 5; pi. vii, 
figs. 2, 3. 

Description. — Shell straight, much elongated ; pyramidal, slightly compressed ; 
margins nearly straight; section sub-quadrangular. 

Each valve is divided into two parts, which meet at an angle. The dorsal part 
is smaller and more flattened than the ventral part, and is ornamented with from 
6 to 8 or more ribs, which are narrow, strong, and nearly equi-distant. The ribs 
are separated by broad, shallow, rounded depressions ; both depressions and ribs 
are crossed by very fine, somewhat irregular, concentric ridges, which sometimes 
give a slightly serrated appearance to the ribs. The ventral part of each valve is 
moderately convex, and its dorsal portion is ornamented with from 5 to 7 radial 
ribs similar to those on the dorsal part of the valve, but decreasing in size ventrally; 
the last one or two of these ribs sometimes become irregular and discontinuous. 
These radial ribs and their interspaces are crossed by fine concentric ridges. The 
ventral portion of the ventral part of the valve is ornamented with strong growth- 
ridges or folds, which curve rapidly in the direction of the umbo, and form an 
acute angle where they meet the ribs. 

Measurements : 

(1) (2) 

Length . 135 . 94 mm. 
Height . 49 . 41 „ 

(1) Pema-bed, Atherfield. 

(2) Crioceras-bed, Whale Chine. 

Affinities. — The figure of P. gracilis, Phillips,* is not sufficiently good to enable 
one to form a satisfactory idea of the character of the species, and the type cannot 
now be found. But other specimens from Speeton, although very imperfectly 
preserved, are sufficient to suggest that P. gracilis is probably identical with P. 
BoHiialdhia. 

It is suggested by Pictet and Campiche that P. tetragona, Sowerby,^ from the 

1 'Geol. Yorks.' (1829), p. 122, pi. ii, fig. 22. 

« *Min. Conch.,' vol. iv (1821), p. 9, pi. cccxiii, fig. 1; Morris, 'Cat. Brit. Foss.,' ed. 2 (1854), 
p. 180; P. 8ulft€trag<ma, d'Orbignj, 'Prodr. de Pal.,' vol. ii (1850), p. 165; Pictet and Campiche, 
'Terr. Cret. Ste. Croix' (1867), p. 537; non P. ieira^ona, Brocchi, 1814. 

13 
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Upper Greensand of Devizes, is probably identical with P. Bobinaldina. The 
specimens from De\azes agree with those found at Blackdown in having the folds 
on the ventral part of the valve rather more strongly marked than in P. RohiTialdina 
from the Lower Greensand. In other respects the Upper Greensand form does 
not appear to differ from P. Bohinaldina, and may be regarded as a variety of it, 
P. liohinaldina var. Mragojiaj Sowerby. 

P. Rrynesi, Hubert and Munier-Chalmas,^ is similar to P. Bobhmldina^ but 
apparently differs in that the ribs on the ventral part of the shell are all smaller 
than those on the dorsal part, and do not diminish gradually in size. 

P. cretacea (Schlotheim)^ is closely related to P. Bobi7ialdina^ but appears 
to be distinguished (1) by the ribs covering a larger proportion of the ventral 
part of the shell and being of nearly uniform size, (2) by the growth-lines on 
the ventral part being more nearly straight, (3) by the shell being usually more 
elongate. 

Remarks. — The specimens of Pimm found in the Gault of Folkestone and Black 
Ven have usually been named P. tetragona. Their mode of preservation is more 
or less unsatisfactory, owing to crushing and to the absence of some of the outer 
layers of the shell, but after a close comparison with examples of P. Bobinaldina 
from the Lower Greensand I am unable to see any reason for regarding the former 
as specifically distinct from the latter. 

Pictet and Campiche thought that the examples from Blackdown were referable 
to P. liohinaldina y differing only in having the folds on the ventral part of the shell 
rather more strongly marked. 

The specimens from the Lower Greensand of the Isle of Wight agree well with 
tlic figures given by Pictet and Renevicr and by Pictet and Campiche. The 
number of ribs varies considerably, and in young specimens the apical angle is 
smaller than in older examples. 

A specimen from the Upper Greensand of Ventnor, which has been referred^ 
to P. Beynesi^ Hel)ert and Munier-Chalmas, is probably a crushed example of 
P. Bobinaldina. 

Tupe. — The type of P. ragosa came from the Hils-conglomerate of Osterwald. 
The type of P. tetra^oaay Sowerby, came from the Upper Greensand of Devizes 
and is now in the British Museum. 

Distribution. — Perna-bGAy Crackers, and Fitton's Beds 16 and 38, of Atherfield. 

Ferruginous Sands of Shanklin. Atherfield Beds of Redhill, Reigate. Sandgate 

Beds of Parham Park. Lower Greensand of Brickhill. PSpeeton Clay (zone 

of Belemnites brunsvicensis) of Speeton. Gault of Folkestone and Black Ven. 

1 'Ann. Sciences geol./ vol. vi (1875), p. 118, pi. v, fig. 10. 

» Q^initz, 'Das Elbthalgeb.* (Palceontographica, vol. xx, pt. 2, 1873), p. 54, pi. xiv, figs. 2, 3. 

^ Jukes-Browne, *Cret. Rocks of Britain,' vol. i (1900), p. 470. 
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Upper Greensand (zone of 8chloeiibacliia rostrata) of Blackdown, Devizes, and 
Ventnor.^ 



Pinna, sp. Plate XIII, figs. 2, 3. 

Some specimens of Pinna found in the Gault of Folkestone differ from 
P. Robinaldiiui in having smaller and more numerous ribs, which are crossed at 
regular intervals by narrow concentric ridges. 



Pinna tegulata, Etheridgey 1881. 

1881. Pinna tboulata, 22. Etheridge, in Penning and JvJces-Broume^a Geol. Cam- 
bridge (Mem. Geol. Survey), p. 142, pi. i, 
fig. 2. 

Remarks. — This species is known only by the type and a few fragmentary 
specimens. The type shows the interior of a right valve. The ornamentation 
appears to be similar to the form from the Gault described above. On the dorsal 
half of the valve there are about 18 narrow ribs, which are crossed at regular 
intervals by concentric ridges, giving rise to a fimbriated appearance. About 8 
similar ribs are found on the dorsal part of the ventral half of the valve, below 
which are strongly curved growth-ridges. 

Type. — In the Sedgwick Museum, Cambridge. 

Distribution. — Tottemhoe Stone (zone of Holaster subglobosus) of Burwell. 



Pinna decussata, Goldfuss, 1837. Plate XIII, figs. 4a-c, 5, 6. Plate XIV, fig. 1. 

1833. Pinna sulcata, 8, Woodward. Geol. Norfolk, p. 47, pi. v, fig. 23. 
1837. — DECUSSATA, A, Goldfu88. Pctrcf. Germ., vol. ii, p. 166, pi. exxviii, 

figs. 1, 2. 

— — COMPRESSA, Goldfuae. Ibid., p. 167, pi. exxviii, fig. 4. 

? 1840. — PYBAMiDALis, H, B, Geiuitz. Char. d. Schicht. u. Petref. des saehs. 

Kreidegeb., pt. 2, p. 55, pi. x, fig. 1, 

— — COMPBESSA, Geinitz. Ibid, p. 55. 

1841. — PENESTRATA, F. A, Bomer. Die Verstein. d. nord-deutsch. Kreidegeb., 

p. 65. pi. viii, fig. 22. 

— — DECUSSATA, Bomer, Ibid., p. 65. 

1846. — PYRAMiDALis, H, B, Geiuitz. Gniudr. d. Verstein., p. 451. 

* I have not seen any specimen of Finiia ? craeea, Fittou, * Trans. Geol. Soc.,' ser. 2, vol. iv (1836), 
p. 130 ; Morris, * Cat. Brit. Foss.,' p. 180. 
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1846. Pinna decubsata, A, E. Beuss, Die Verstein. der bohm. Kreideforniat., 

pt. 2, p. 14, pi. zzxYii, figs. 1, 2. 
1850. — —A. cTOrhigny. Prodr. de Pal., vol. ii, p. 165. 

— — FENESTBATA, (TOrbigny. Ibid., p. 246. 

— — DECU88ATA, /. (h C. Sowevhy, in F. Dixoti, Geol. Sussex, p. 355 (p. 

386, ed. 2), pi. xxviii. 
fig. 20. 

— — DiLuviANA, If. B. Oeiniiz. Das Quadersandst. oder Kreidegeb. in 

Deutschland, p. 166. 

— — FENESTBATA, Oexnxtz, Ibid., p. 166. 

1854. — DECUBSATA, /. MoTTis, Cat. Brit. Fobs., ed. 2, p. 180. 

— — SULCATA, Morris, Ibid., p. 180. 

1873. — DECUBSATA, H. B. Geinitz, Das Elbthalgeb. in Sachsen (Palieonto- 

graphica, vol. xx), pt. i, p. 211, pi. xlvii, 
figs. 4, 5 ; pt. ii, p. 53, pi. xv, figs. 2, 3 ; 
pi. ivi, fig. 1. 
1877. — — A, Fritsch. Stud, im Gtebiete der bohm. Kreideformat., 

ii. Weissenberg. u. Malnitz. Schicht., p. 
120, fig. 86. 
1883. — — Fritsch. Ibid., iii. Iserschicht., p. 104. 

1888. — — G. Mailer. MoUusk. d. untersen. v. Braunschweig (Jahrb. 

d. k. preussisch. geol. Landesanst. fur 1887), 
p. 420. 
1880. — — Fritsch, Stud, im Gebiete der bohm. Kreideformat., 

iv. Teplitz. Schicht., p. 79. 
? 1890. — — M. Blanckenhom, Beitr. z. Oeol. Syriens : Kreidesjst. 

in Mittel u. Nord-Sjrien, p. 80. 
1893. — — Fritsch, Stud, im Oebiete der bohm. Kreideformat., 

Y. Priesen. Schicht., p. 94. 
1897. — _ — Ibid., vi. Chlomek. Schicht., p. 57. 

? 1894. — cf. DECUBSATA, A, Henuig, Om Ahussandst. (Geol. Foren. i Stock- 
holm Forhandl., vol. xvi), p. 522. 
1902. — DECUBSATA, /. P. /. Bavu, Mollusk. i Danmarks Kridtaflej.) i. 

Laroellibr., p. 104. 

Non 1846. - - — E. Forbes. Trans. Geol. Soc., ser. 2, vol. vii, p. 153 

(= P. arata, Forbes). 

Descnpfvni. — Shell moderately elongate, triangular, laterally compressed, 
section rhombic, but becoming lenticular in the later portion. Dorsal margin 
straight, ventral margin slightly curved. 

Each valve is divided into two nearly equal parts. The dorsal part is flattened 
and bears from 7 to 9 strong rounded ribs, separated by broad, shallow, 
rounded depressions. The distance between the ribs increases in passing from the 
apex to the posterior extremity. In well-preserved specimens linear ridges arc 
seen crossing the ribs and interspaces at regular intervals. The dorsal portion of 
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the ventral part of the valve bears from 5 to 7 ribs sim^ai* . to those on the 
dorsal part and of nearly uniform size, with transverse linear ridges. On the 
ventral portion of the ventral part of the valve there are strong. ridges or folds 
which form an acute angle with the last rib, and curve slightly towards f^he umbo. 
Measurements {approximate) ; .• 

(1) (2) (3) 

Length . 125 . 117 . 120 mm. 
Height . 66 . 69 . 66 „ 

(1) Chalk Marl, Folkestone. 

(2) Chalk, Newtimber (Sussex). 

(3) Chalk, Trimingham. 

EemarJcs. — ^Most of the specimens of Pinna from the Chalk are very imperfectly 
preserved, and it is not unlikely that better material would show that more than 
one species could be distinguished. 

In the examples from Trimingham the ribs are rather broader and more 
rounded than in most of the specimens found at lower horizons. 

Affinities. — This species is less elongate than P. cretacea (Schlotheim),^ and 
has the ridges on the ventral part of the valves more distinctly curved than in 
that form. It has a larger apical angle than P. Robinaldina (see p. 96) ; also the 
shell is rather more compressed, and the ribs on the ventral part do not decrease 
regularly in size as they do in P. Robinaldina. 

P. sulcata J Woodward (Plate XIV, fig. 1), from the Norwich Chalk, as was 
suggested by J. de C. Sowerby,-does not differ from P. decussatu. Woodward's 
name is prior to that of Goldfuss, but since the original figure was scarcely 
suJHBcient for the recognition of the species and was not accompanied by any 
description, I do not think it is desirable that the well-known name P. decussata 
should be displaced by P. sulcata. 

Most of the English specimens of P. decussata agree better with the figures 
given by Geinitz (1873) than with those of Goldfuss and Reuss. But the example 
figured by Dixon seems to be very similar to the types of Goldfuss. 

Ihjpes. — From the Quadersandstone of Haltern (Westphalia) and Schandau 
(Saxony). The specimen figured by Dixon cannot be found. The type of P. 
sulcata is in the Norwich Museum. 

Distribution.-^Ghalk Marl of Ventnor and Folkestone. Terebratulimi zone of 
Arn Hill near Warminster. Zone of HolaMer planus of Balsham. Chalk of New- 
timber. Zone of Micraster cor-aiigimmm of Charlton and Gravesend. Upper Chalk 
(zone of M. coi^-testudinarium or M. cm'-anguinum) of S waff ham, Norfolk. (?) Zone 
of Actinocamax quadratus of East Harnham near Salisbury. Zone of Belemnitella 
mucronata of Norwich. Chalk of Trimingham. 

1 Geinitz, * Das Eibthalgeb.,' pt. ii (1873), p. 54, pi. xiv, figs. 2, 3. 
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...:^ • •. • i^'amiZy— ASTARTID^, Gray. 

\ y Genus — Astabte, J. Soicerby, 1816. 

. *'•. (* Min. Conch./ vol. ii, p. 85.) 

. . *• • 

/•AsTAKTE ELONGATA, tVOrhignu^ 1844. Plate XIV, figs. 2 a, 6, 3. 

1842. AsTABTB OBLONGATA, Dcshayes in A, Leymerie. M^m. Soc. geol. de France, 

ser. 2, Yol. y, pp. 5, 24, pi. vi, fig. 1 
(non Monga, Sowerbj, 1826). 
1844. — ELONGATA, A. d^Othigny, Pal. Fran9. Terr. Cret., vol. iii, p. 68, pi. 

cclxiii, figs. 8 — 11. 
1850. — — d'Orhigny, Prodr. de Pal., vol. ii, p. 77. 

1855. — — G. Cotteau. Moll. Poss. de ITonne, p. 69. 

1866. — —F.J. Pidet and 0. Campiehe. Pobb. Terr. Crt't. Stc. 

Croix (Mater. Pal. Suisse, ser. 
4), p. 310, pi. cxxiv, figs. 8, 9. 
18G8. — — P. de LorioL Valangien d'Arzier, p. 28, pi. ii, fig. 7. 

1871. — — F. Stoliczka. PalsBont. Indica, Cret. Fauna S. India, 

vol. iii, p. 285. 
1900. — — A. WoUeniann, Die Biv. u. Gktstrop. d. deutsch. u. hol- 

Ifind. Neocoms (Abhandl. d. k. 
preussisch. geol. Land., N. P., pt. 
31), p. 102. 

Descvii)tion. — Shell thick, elongate, rounded-oblong or oval, convex, compressed, 
very inequilateral. Postero-dorsal margin curving ventrally to join the obtuse 
and slightly curving posterior margin. Postero-ventral extremity rounded. Ven- 
tral margin nearly straight. Anterior margin rounded. Umbones small, with an 
indistinct keel passing from them towards the postero-ventral extremity. Lunule 
narrow. 

Ornamentation consists of strong concentric ribs, somewhat imequal in size, and 
separated by narrow grooves. Margins of valves crenulated. 

Length 21 mm. ; height 22 mm. 

Affinities. — Adarte cingidataj Geinitz,^ from the Cenomanian of Plauen, is 
probably identical with this species. 

^1. elongata is easily distinguished from other Cretaceous species by its elongate 
form. 

llomirls. — The only specimens seen are in the Museum of Practical Geology. 

1 *Da8 Elbthalgeb. in Sachsen* (PalflBontographica, vol. xx, pt. i, 1873), p. 226, pi. 1, fig. 8. Non 
A. cingulata, Contejeau, *Kimmerid. de Montb^liard' (1859), p. 267, pi. xi, figs. 5 — 7. 
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One has the shell preserved, the others are internal casts showing deep uiuscular 
impressions. 

Types. — Leymerie's specimens came from the Lower Neocomian of Avalleur, 
Chenay, and Marolles (Aube). D'Orbigny records specimens from the Lower 
Neocomian of St. Sauveur (Yonne). Pictet and Campiche figure specimens from 
the Valanginian of Ste. Croix. 

Distribution. — Lower Greensand of Seend. 



AsTARTE SUBACUTA, d'Orbiguijy 1850. Plate XIV, figs. 4 — 6. 

1844. AsTARTK CABiNATA, A. d'Orhiguy, Pal. Pran9. Terr. Cret., vol. iii, p. 63, 

pi. cclxii, figs. 1-3. (non A, carinaia, 
Phillips, 1829.) 
1847. — ACUTA, d'Orhigny. Ibid., p. 759. (non A. acuta, Beuss, 1846.) 

1850. — SUBACUTA, d'Orhigny, Prodr. de Pal., vol. ii, p. ^T. 

1866. — — F, J. Pictet and G. Campiche. Foss. Terr. Cret. Ste. 

Croix (Mater. Pal. Suisse, ser. 4), 

p. 318. 
1900 — — A. Wollemann. Die Biv. u. Qustrop. d. deutsch. u. 

holland. Neocoms (Abhandl. d. 

k. preussisch. geol. Land., N. F., 

pt. 31). p. 99. 

Descnption. — Shell triangular, much compressed, length greater than height, 
slightly inequilateral. Antero-dorsal margin long and concave. Postero-dorsal 
margin longer than the antero-dorsal, and either concave or nearly straight. Both 
of these margins form obtuse angles with the well-rounded margin of the ventral 
half of the shell. Umbones very acute, projecting, often, nearly median and not 
curved. Lunule narrow, with a sharp edge. Escutcheon very narrow. 

Ornamentation consists of prominent concentric ribs separated by broad inter- 
spaces. The distance between the ribs increases in passing from the umbo 
ventrally. Margins of valves crenulated. 

Measurements : 

(1) (2) 

Length . 14 . 10 mm. 

Height . 11 . 8 „ 

(1, 2) Pema-bed, East Shalford. 

Affinities. — A. subacuta is distinguished from the other Cretaceous species by 
its a-cute umbones and flattened valves. 

Remarks. — The only specimens which I have seen are in the Meyer Collection, 
Sedgwick Museum. 
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Tupe. — From the Neocomian of Brienne (Aube). 

Distribution. — PernaA)od of East Shalford. Atherfield Beds of Sevenoaks. 



AsTARTE sixuATA, (VMngmj, 1844. Plate XIV, figs. 7 — 9. 

1844. AsTARTE siNUATA, A, d'Ofhigtiy, Pal. Fraii9. Terr. Cret., vol. iii, p. 69, pi. 

oclxiy, figs. 1 — 3. 
1850. — — d'OrUgny. Prodr. de Pal., vol. ii, p. 118. 

1856. — —F.J. Piciet and E. Benevier. Fobs. Terr. Aptien (Matc'r. 

Pal. Suisse, ser. 1), p. 89, 
pi. X, fig. 3. 
1866. — —F.J. Pidet and G. Campiehe. Foss. Terr. Crut. Ste. 

Croix (Mater. Pal. 

Suisse, ser. 4), p. 311. 

1871. — — F. Stoliczka. PalflBont. Indica, Cret. Fauna S. India, 

vol. iii, pp. 251, 285. 
1895. — — O. Moos. Zeitschr. d. deutsch. geol. Gksellsch., vol. 

xlvii, p. 261. 
1900. — — A. WoUemann. Die Biv. u. Gastrop. d. deutsch. u. 

holland. Neocoms (AbhandL d. k. 
preussisch. geol. Land., N.F.,pt. 31), 
p. 100. 

Description. — Shell sub-quadrate, rounded ventrally, truncated posteriorly, 
longer than high, slightly or moderately inequilateral, much compressed. A furrow 
extends from just behind the umbo to the sinuosity on the posterior margin, and 
cuts off a triangular, flattened, postero-dorsal part of the valve. Antero-dorsal 
margin nearly straight. Anterior margin rounded, passing gradually into the 
curved ventral margin. Posterior margin with a sinuosity above the postero- 
ventral angle. Postero-dorsal margin straight or slightly concave, longer than the 
antero-dorsal margin, and forming an angle with the posterior margin. Umbones 
pointed, inconspicuous. Lunule and escutcheon long, narrow, with sharp edges 
which have tooth-like projections where the ribs end. 

Ornamentation consists of rounded, concentric ribs separated by shallow 

furrows. The ribs are rather stronger on the posterior than on the anterior part 

of the shell, and are sinuous where they cross the posterior furrow. Smaller ribs 

are present on the main ribs and furrows. 

Measurements : 

(1) (2) 

Length ... 16 .. 15 mm. 

Height . . . 14-5 . . 14 „ 

Thickness . . 4* . . 

(1, 2) Crackers, Atherfield. 
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Affinities. — A. sinimta is distinguished from other Cretaceous species of Astarte 
by the furrow passing from the umbo to the posterior margin. Conrad^ thought 
that this species might belong to his genus Lirodiscus. I am unable to express an 
opinion on this matter, since I have seen only three examples, none of which shows 
the hinge, nor is it seen in the figures given by previous writers. 

Type. — From the Aptian of Marolles (Aube). 

Distribution. — Lower Greensand (Crackers) of Atherfield. Recorded by Pictet 
and Renevier from the Lower Greensand of Peasmarsh. 



ASTABTE UPWAEENSIS, Sp. UOV. Plate XIV, figs. 10 Or-Cy 11a, 6, 12. 

1883. AsTABTE, sp. nov., W. Keeping, Fobs., etc., Neoc. Upware and Brickhill, 

p. 122, pi. vi, fig. 9. 

Description. — Shell ovate, a little higher than long, moderately and evenly 
inflated, moderately (or sometimes only slightly) inequilateral. Dorsal half narrow- 
ing gradually to the lunbo ; ventral half larger and with evenly-rounded margin. 
Antero-dorsal border slightly concave; postero-dorsal border long and convex. 
TJmbones curving forward. Lunule large, ovate, depressed, with a sharp border. 
Escutcheon lanceolate, with a sharp edge. 

Ornamentation consists of many flattened, inconspicuous, concentric ribs 
separated by linear grooves. 

Measurements : 

(1) (2) (3) (4) (5) 

Length . 24 . 21 . 19 . 14 . 13 mm. 
Height . 25 . 21-5 . 21 . 15 . 14 „ 

(1-5) Lower Greensand, Upware. 

Affinities. — This species presents some resemblance to A. valangiensis, Pictet 
and Campiche,^ but its dorsal half is not so narrow and pointed, and the antero- 
dorsal margin is less concave. It is also similar to A. Rhodani, Pictet and 
Campiche,* from the Gault of Cosne, but the umbones are less prominent. 

Astarte upwarensis is distinguished from A. circularise Gu^ranger,* by its ovate 
outline and greater height. 

Type. — Of the specimens of this species which were figured by W. Keeping as 

1 • Amer. Journ. Conch.,' vol. v (1869), p. 46. 

2 'Terr. Cret. Ste. Croix ' (Mater. Pal. Suisse, ser. 4, 1866), p. 303, pi. cxxiii, figs. 3, 4. 
» De Loriol, * Gault de Cosne * (1882), p. 94, pi. xii, figs. 1-7. 

* * Album Paleont. de la Sarthe ' (1867), p. 12, pi. xv, fig. 12, pi. xvi, figs. 7, 8. 

14 
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Astartej sp. nov., one is in the Sedgwick Museum (fig. 9 a), the other in Mr. J. F. 
Walker's collection (fig. 9 6). 

Distribution. — Lower Greensand of Upware. 



AsTARTE SENECTA, sp. nov. [cx Bsau MS.] Plate XIV, figs. 13-20. 

1889. AsTABTB SENECTA [Bean MS.] O. W, Lamplugh. Quart. Journ. Geol. Soc., 

vol. xlv, p. 616. 

I)cscrii)tion. — Shell subtriangular, or approaching subquadrangular, sometimes 
rounded, rather compressed, usually very inequilateral; height usually a little 
greater than length. Anterior margin rounded, ventral margin curving slightly 
and often forming a rounded angle with the posterior margin, which is slightly 
curved and usually makes an obtuse angle with the postero-dorsal margin. 
Umbones small, curving forwards. Lunule ovate, deep, with a sharp border. 
Escutcheon narrow, deep, with a sharp border. 

Ornamentation consists of strong concentric ribs, with sharp summits, separated 
by broad furrows, on both of which are numerous small ribs. The ribs bend 
sharply in passing on to the postero-dorsal part of the valve, and cut the postero- 
dorsal margin obliquely. Margins of valves strongly crenulated. 

Measurements : 

(1) (2) (3) (4) (5) (6) 

Length . 23 22 21 19 13 26 
Height . 21-5 20 19 17 11 24 

(1-5) Speeton Clay, Speeton. 
(6-11) Claxby Ironstone, Benni worth Haven. 

Affinities. — Astarte veneris, Eichwald,^ is similar to this species, but has a 
deeper and larger lunule, more prominent umbones, less compressed valves, and 
more slender ribs. Specimens of A. veneris from the *Volgian' of Moscow are 
in Mr. Lamplugh's collection. 

Bemarhs. — This species has been known to collectors for a long time, and has 
appeared in lists of fossils under the name Astarte senecta-j Bean MS., but has not 
hitherto been described and figured. 

The specimens from the Claxby Ironstone are, as a rule, more roimded in 
outline than those from Speeton, and their ornamentation is not so well preserved 
on account of the difficulty of separating the shells from the hard matrix in which 
they are found. 

1 D'Orbigny, in Murcliison, de Vemeuil, and de Keyserling, ' Gcol. Russ. d'Europe,' voL ii (1845). 
p. 456, pi. xxxviii, figs. 21, 22. 
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Distribution. — Zone of Belemnites lateralis: in the Speeton Clay of Speeton 
and the Claxby Ironstone of Benniworth Haven. 



AsTABTE, sp. Plate XIV, fig. 21. 

Descriptioii. — Shell oval, moderately convex, slightly inequilateral, length 
greater than height. Antero-dorsal margin concave. Anterior margin rounded, 
passing gradually into the curved ventral margin. Postero-dorsal margin convex, 
forming a rounded angle with the posterior margin. Umbo pointed. 

Ornamentation consists of about 15 strong, rounded, concentric ribs separated 
by rounded furrows of greater breadth. Fine concentric ridges occur on both ribs 
and furrows. The ribs cut the postero-dorsal margin at a large angle ; they are 
more widely separated on the dorsal than on the ventral half of the valve. 

Length 12*5 mm.; height, 112 mm. 

Remarks. — This species is known by a single right valve only. The ornamenta- 
tion is somewhat similar to that of A. senecta, but the shell is more oval and less 
inequilateral, also the ribs are more nutnerous and form a larger angle with the 
postero-dorsal margin. 

Distribution, — Speeton Clay of Speeton. 



AsTAETE CANTABBiGiENSis, sp. uov. Plate XIV, figs. 22 a, 6, 23 a, 6, 24. 

1883. AsTARTE suBDENTATA, W, Keeping, Fobs., etc., Neoc. Upware and Brick- 
hill, p. 122, pi. vi, fig. 11 {non 
Eomer). 

Description.— Shell subquadrate, longer than high, very inequilateral, moderately 
inflated, with the greatest convexity between the umbo and the postero-ventral 
angle. Postero-dorsal margin long, slightly convex, forming an obtuse angle with 
the truncated posterior margin, and a blunt angle where it joins the slightly convex 
ventral margin. Anterior margin rounded. Lunule deep, ovate, distinctly limited. 
Escutcheon deep, with a sharp edge. 

Ornamentation consists of strong concentric ribs bearing finer ribs. 

Measurements : 

(1) (2) (3) (4) (5) 

Length . 17-5 15 15 14 14 

Height . 16 13-5 13 125 12 

(1-8) Lower Greensand, Upware. 
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Affinities. — This species was identified by W. Keeping with A. svbdentata, 
Romer/ from the Neocomian of Brunswick, I have submitted photographs of 
the British fossil to Dr. A. WoUemann and he agrees with me in thinking that it 
is quite distinct from A. suhdeiifata. In the latter the shell is smaller, the valves are 
much flatter and more elongate, and the umbones are more pointed and less 
anterior in position. 

The ornamentation, when well preserved, is somewhat similar to that of A. 
senecta (see above), but the shell is more inequilateral, more nearly quadrate in 
outline, and the postero-dorsal part is more compressed. 

Remarks. — The ornamentation is often imperfectly preserved, and in some cases 
it has almost entirely disappeared. The hinge has not been seen. 

Type. — The specimen figured by Keeping is in the Sedgwick Museum, Cam- 
bridge. 

Distrihittion. — Lower Greensand of Upware. 



AsTARTE CLAXBiENSis, sp. uov. Plate XIV, figs. 25-28. 

Descnption.— Shell small, thick, oval, longer than high, inflated, slightly inequi- 
lateral. Antero-dorsal margin concave, postero-dorsal slightly convex. Anterior 
margin well rounded. Ventral and posterior margins forming a regular curve. 
Umbones prominent, close together, nearly median, curved greatly inwards and 
slightly forwards. Lunule large, ovate, with sharp edges. Escutcheon lanceolate, 
smooth, distinctly limited. 

Ornamentation consists of strong, narrow, concentric ribs, separated by broad, 
deep furrows. Left valve with two stout cardinal teeth and a tooth at the margin 
of the lunule. Margins of valves coarsely crenulate. 

Measurements : 

(1) (2) (3) (4) (6) 

Length . 12 . 11 . 10 . 9 . 8 mm. 

Height . 10-5 . 10 . 9 . 8-25 . 7 „ 

(1-3, 5) Claxbj Ironstone, Benniworth Haven. 
(4) Spilsbj Sandstone, Spilsbj. 

Affinities. — Astarte claxhieiisis shows considerable resemblance to certain species 
found in the Jurassic rocks ; thus Astarte rohusta, Lycett,* from the Combrash, seems 
to differ only in having the valves more elongate and the umbonal parts narrower. 

* * Verstein. norddeutsch. Kreidegeb.* (1841), p. 71, pi. ix, fig. 9. Wollemann, 'Die Biyalven u. 
Gasterop. d. deutsch. u. hoUand. Neocoms * (1900), p. 98, pi. v, fig. 2. 
2 * Suppl. Mon. Mollusca Great Ool.,' etc. (1863), p. 74, pi. xxxv, fig. 6. 
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A. co7*data, Trautschold,^ is another example of the same type. A. Sauvagei, de 
Loriol,^ from the Sequanian, is also similar to A. claxbiensis, but appears to be less 
elongate. 

Dishnbution. — Spilsby Sandstone (zone of Belemnites lateralu) of Spilsby. 
Claxby Ironstone (zone of B. lateralis) of Benniworth Haven. 



AsTABTE SUBCOSTATA, d'Oiingny^ 1850. Plate XIV, figs. 29-36. 

1842. AsTABTE LATicosTA, Deshayes. In A. Leymerie, Mem. Soc. g^ol. de France, 

ser. 2, vol. v, p. 4, pi. iv, figs. 4, 5 
(non A. laiicosta, DeshsLjes, 1839). 

1844. — 8TRIAT0-C0STATA, A, d'Ovhigny. Pal. Fran9. Terr. Cr^t., vol. iii, 

p. 64, pi. cclxii, figs. 7-9 
(non A. striatO'Costataf Bomer, 
1836). 

1845. Vbnus (?) [steiato-costata], E. Forbes, Quart. Journ. Geol. Soc, vol, i, 

p. 241. 
1850. AsTAETE SUBCOSTATA, d'Ovhigny, Prodr. de Pal., vol. ii, p. 77. 

1854. — STRiATO-cosTATA, /. Morris. Cat. Brit. Foss., ed. 2, p. 187. 

1855. — SUBCOSTATA, Q, Cotteau, Moll. Foss. de TYonne, p. 70. 

1856. — LATicosTA, F. J. Pictet and E, Benevier. Foss. Terr. Aptien 

(Mater. Pal. Suisse, ser. 1), p. 88, 
pi. X, fig. 2. 
1865. — Leymbrii, K. A. Zittel. DieJBivalv. d. Gosaugeb. (Denkschr. d. k. 

Akad. Wien, Math.-nat. Classe, vol. 
xxiv), p. 156. 

1865. — LATICOSTA, H, Coquund. Mon. Aptien de TEspagne, p. 126. 

1866. — SUBCOSTATA, F, J. Pictet and 0, Campiche, Foss. Terr. Cr^t. Ste. 

Croix (Mater. Pal. Suisse, ser. 4), p. 307. 
? 1868. — STEIATO-COSTATA, E. Eichwold, LethsBa Eossica, vol. ii, p. 624. 
? 1868. — LATICOSTA, Eichwald. Ibid., p. 628. 

? 1900. — Leymbrii, G. Milller, Deutsch-Ost-Afrika, vol. vii, p. 552, 

pi. xxii, figs. 4, 5. 
1905. — SUBCOSTATA, E, Havbort, Die Fauna der Schaumberg-Lippe'schen 

Ereidemulde, p. 60, pi. iv, fig. 6. 

Description. — Shell small, usually rather convex, subquadrate or subtriangular, 
moderately or very inequilateral. Antero-dorsal margin concave. Anterior and 
ventral margins rounded. Postero-dorsal margin long, nearly straight, forming an 

1 C. Rouillier, ' Bull. Soc. Nat. Moscou,' vol. xix, pt. 2 (1846), pi. d, fig. 15 ; pi. b, fig. 1 ; vol. xxi, 
pt. 1 (1848), pp. 274, 275. Trautschold, Ibid,, vol. xxxiii (1860), p. 347. 

* De Loriol and Pellat, ' Mon. Palfont. et Gcol. Stages sup. Jurass. de Boulogne-sur-Mer ' (1874), 
p. 96, pi. XV, figs. 33, 34. 
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angle with the posterior margin, which is more or less truncated. Umbones 
inconspicuous. Lunule smooth, ovate, rather broad, with a sharp edge. Escutcheon 
smooth, deep, long. 

Ornamentation consists of 7 to 9 sharp, prominent, concentric ribs, with steep 
dorsal and gentle ventral slopes. Interspaces broad. Between the ribs there are 
three or four very small concentric ribs and numerous fine radial strisa. 

Measurements ; 

(1) (2) (8) (4) 

Length . 7 . 6 . 5*5 . 5 mm. 
Height . 5 . 5 . 4-5 . 4*5 „ 

(1) Atberfield Beds, Seyenoaks. 

(2) Atberfield Beds, Peasmarsh. 
(3, 4) Pema-hei, East Shalford. 

Affinities. — This species resembles Astarte formosa (see p. 112) but is larger, 
less triangular in outline, with a larger apical angle and fewer ribs. A. siviilis, 
Goldfuss/ belongs to the same group, but is more roimded in outline, and has more 
numerous ribs than A. subcostata. 

Forbes states that English examples of this species were identified by d'Orbigny 
as A. numisinalisj d'Orbigny,* but adds that they resemble much more nearly 
d'Orbigny's A. stnato-costata. They differ from the figures of A. immismalis given 
by d'Orbigny in being less triangular, and in having the posterior end more 
truncated ; also the ribs are less numerous but more prominent, and form a larger 
angle with the postero-dorsal margin. English examples were also seen by Pictet and 
Renevier, and were identified by them with Astarte laticosta^ Deshayes (= striaio- 
costata and suhcostataj d'Orbigny). The specimen figured by d'Orbigny is more 
elongate than most of the English examples, but agrees in this respect with some 
found in the Atherfield Clay of Sevenoaks. The specimens figured by Leymerie 
are much larger than the English examples, and the ribs are more numerous and 
less prominent. Some of the differences seen in the figures of the authors quoted in 
the synonymy are probably due to the differences in the age of the specimens. In 
the young specimens the posterior end is more rounded, in old specimens it is 
more truncated. 

Bemarhs. — Specimens which occur in the Crackers of Atherfield (Plate XV, figs. 
1 , 2) differ slightly from those described above, but probably constitute only a local 
variety ; the valves are not quite so convex, the ribs are rather more numerous and 

1 For figures and references see Holzapfel, ' Die Mollusk. Aachen. Kreide * (Palseontographica, vol. 
xxxT, 1889), p. 194, pi. xix, figs. 11—15. A, similis was referred to the genus Qovldiahj Stoliczka: 
Holzapfel discusses this subject, and I am in agreement with his conclusions. 

2 * Pal. Pran9. Terr. Cret.,' vol. iii (1844), p. 63, pi. cclxii, figs. 4—6; Pictet and Campiche, 'Terr. 
Crct. Ste. Croix' (1866), p. 309. 
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less prominent, and the posterior end of the shell is rather more pointed. This 
form resembles A. angulata, Gueranger.^ 

Tiipes.—T\\e types of A. laticoata came from the Neocomian of Chaource and 
JuUy (Aube). D'Orbigny's specimens of A. striato-costata were obtained from the 
Neocomian of MaroUes (Aube), Attancourt (Haute-Mame), and Saint-Sauveur 
(Yonne). The specimens described by Forbes are in the Museum of the Geological 
Society (No. 2181). 

Distnbution. — Atherfield Beds of Peasmarsh and Sevenoaks. Ferna-hed of East 
Shalford, and probably Atherfield. Recorded by Topley from the Atherfield Beds 
of Haslemere, and the Hythe Beds of Lympne. 



AsTARTE, sp. Plate XV, figs. 3, 4. 

Some specimens from the Folkestone Beds of Folkestone are very similar 
to A. subcostataj d'Orbigny, but are larger, less elongate, and have a smaller 
apical angle. 



AsTAETE Omalioides, sp. nov. [ex Gardner MS.]. Plate XV, figs. 5-7. 

Description. — Shell small, triangular or sub-quadrate, compressed, slightly 
inequilateral, height and length nearly equal. Dorsal half of valves pointed. 
Antero-dorsal margin slightly concave; postero-dorsal margin rather longer and 
nearly straight, the remaining margin forming a regular curve. Umbones pointed. 
Margins of valves finely crenulate. 

Ornamentation consists of a few (usually 6 or 7) prominent, sharp, concentric 
ribs, with steep dorsal slopes and more gentle ventral slopes. Interspaces very 
broad. The ribs become more distant from one another in passing from the umbo 
to the ventral margin. A few very faint concentric ribs are sometimes present also. 

Measurements ; 

(1) (2) (3) 

Length . 5*0 . 4'25 . 4*0 mm. 

Height . 4-75 . 4-25 . 4-0 „ 

(1—3) Gault, Folkestone. 

Affinities. — This species is closely allied to A. subcostata (see p. 109), but is 
relatively shorter and less convex, and has a smaller apical angle and rather fewer 
ribs. 

1 'Album Paleont. de la Sarthe ' (1867), p. 13, pi. xvi, fig. 5. 
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BemarJcs. — Since the name Omalioides has been used in stratigraphical lists,^ it 
seems desirable to retain it, although its construction is not in accordance with the 
recommendations of the International Congress of Zoology. 

DUtnhution. — Gault (zones vii, x, and xi) of Folkestone, 



AsTARTE FORMOSA, Sowevbi/j 1836. Plate XV, figs. 8-13. 

1836. AsTABTE FOBMOBA, /. de C. Sowerby. Trans. Qeol. Soc, ser. 2, vol. iv., pp. 

239, 341. pL xvi, fig. 16. 
1842. — — jP. Botner. De Astartaram G^enere, p. 21. 

1850. — —A. cTOrhigny. Prodr. de PaL, vol. ii. p. 160. 

1864. — — /. Morris. Cat. Brit. Foes., ed. 2, p. 186. 

1871. — — jP. Stoliczka, Pabdont. Indica, Cret. Fauna S. India, voL 

iii, p. 285 (? Ch^ddia). 

Non 1842. — — H. B. Qeinitz. Char. d. Schicht. u. Petref. des sachs.- 

bohm. Ereidegeb., pt. 3, p. 76, pi. xxi, 
fig. 19 (see Oeinit%, Elbthalgeb. i, p. 
227). 
— 1844. — —A. d'Orhigny. Pal. Fran^. Terr. Cret., vol. iii, p. 65, pi. 

ccbdi, figs. 10 — 12 {A, subfarmom, 
d'Orb., 1850). 

Descn2)tion. — Shell small, rather convex, sub-triangular, moderately inequilateral. 
Antcro-dorsal margin slightly concave. Anterior and ventral margins forming a 
regular curve. Posterior margin less curved, often truncated, and forming an 
obtuse angle with the long and slightly convex postero-dorsal margin. TJmbones 
pointed. Lunule large, ovate, depressed, smooth, with a sharp border. Escutcheon 
long, lanceolate, depressed, smooth, with a sharp border. Margins of valves smooth. 

Ornamentation consists of strong concentric ribs with sharp summits, separated 
by broad concave interspaces. The ribs end abruptly at the margins of the lunule 
and escutcheon. On the ribs and interspaces fine concentric ridges may be seen. 

Measurements : 

(1) (2) (3) (4) (5) (6) 

Length . 5-0 . 475 . 4*5 . 4-0 . 3-25 . 3-0 mm. 
Height . 4-5 . 4-5 . 4-0 . 375 . 3-0 . 2'5 „ 

(1—6) Blackdown. 

Affinities. — A.formosa is smaller and has more numerous ribs than A. subformosaf 
1 Price, • The Oault ' (1879), p. 58 ; Jukes-Browne, ' Cret. Rocks of Britain,' vol. i (1900), p. 465. 
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d'Orbigny.^ A. acuta, Reuss/ is another allied form, but possesses fewer ribs than 
A. formosa. See also A. subcostata (p. 109). 

Type. — From Blackdown, in the Bristol Museum. 

Distribution. — Upper Greensand (zone of Schloenbachia rostrata) of Blackdown 
and Haldon. 



AsTARTE IMPOLITA, Sowerby, 1836. Plate XV, fig. 14. 

1836. AsTABTB IMPOLITA, /. de 0. Sowerhy, Trans. Qeol. Soc, ser. 2, vol. iv, 

pp. 239, 341, pi xvi, fig. 18. 
1854. — — /. Morris, Cat. Brit. Foss., ed. 2, p. 187. 

The only example of this which I have seen is the type specimen from the 
Greensand of Blackdown.^ Both valves are present, but the parts near the umbo 
and lunule are missing. The specimen is in the Bristol Museum. 



Sub-genus — Ebiphyla, W. M. Gahb, 1864. 

(* Gool. Surv. California, Palseont.,' vol. i, p. 180. Stoliczka, * Palseont. Indica, Cret. Fauna, S. India,' 

vol. iii, 1870, p. 156.) 

AsTABTE (Ebiphyla) obovata, Sowerby, 1822. Plate XV, figs. 15-18. Plate XVI, 

figs. 1-3. 

1822. AsTABTE OBOVATA, /. de C. Sowerhy. Min. Conch., vol. iv, p. 73, pi. cccliil. 

1842. — — F. Bimer. De Astartanim Qenere, p. 22. 

1845. — — E. Forbes. Quart. Joum. Geol. Soc, vol. i, p. 241. 

1850. CoRBis OBOVATA, A. d'Orhigny. Prodr. de Pal., vol. ii, p. 78. 

1852. AsTABTE Bbumnebi, F. J. Pidet and W. Boux. Moll. Foss. Gres verts de 

Geneve, p. 435, pi. xxxii, fig. 3. 
— — ouBQiTis, Pictet and Boux. Ibid., p. 436, pi. xxxiii, fig. 1. 

1854. — OBOVATA, J. Morris. Cat. Brit. Foss., ed. 2, p. 187. 

1857. — — F.J. Pictet and E, Benevier. Foss. Terr. Aptien (Mater. 

Pal. Suisse, ser. 1), p. 86, pi. xi, fig. 1. 

1 * Prodr. de Pal.,* vol. ii (1850), p. 77. 

2 * Die Verstein. der bohm. Kreideformat.,' pt. 2 (1846), p. 3, pi. xxxiii, fig. 17; pi. xxxvii, fig. 14; 
Notling, 'Die Fauna d. baltisch. Cenoman.' (Paleeont. Abhandl., vol. ii, 1885), p. 28, pi. v, fig. 1. 
According to Notling, A. plauensis, Geinitz, is a sjnonym of A. acuta. 

' Astarte muUislriata was also described by J. de C. Sowerby from Blackdown, but I Lave not 
seen any example of it. See 'Trans. Geol. Soc.,' ser. 2, vol. iv, pp. 240, 341, pi. xvi, fig. 17 ; Morris, 
•Cat. Brit. Fobs.,' ed. 2 (1854), p. 187. 
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? 1865. AsTLRTE OBOVATA, H. Coquatid. Mon. Aptien de TEspagne, p. 122, 

pi. xiii, figs. 3, 4. 
1866. — — F. J, Pidet and O. Campich^. Poss. Terr. Crct. Ste. 

Croix (Mater. Pal. Suisse, ser. 4), p. 312. 
1871. — — (Eryphyla), F.8tolic»ia. PalflBont.Indica,Cret. Fauna, 

S. India, vol. iii, p. 286. 
1892. — — 0. Behrendaen, Zeitschr. d. deutsch. geol. Oesellsch.. 

vol. xliy, p. 22. 

Description. — Shell large, oval, transverse, moderately inflated, very inequi- 
lateral. Anterior margin rounded, concave in front of the umbo. Behind the 
umbo the dorsal margin has a gentle and regular curve. Posterior margin rounded 
or sub -truncate. ITmbones prominent, curving forward. Lunule deep. Escutcheon 
narrow, deep. 

Ornamentation consists of numerous, strong, close, somewhat irregulai* concentric 
ribs, on which fine, concentric, linear ribs occur. 

Measxirements : 

(1) (2) (8) (4) (5) (6) 

Length . . 75 . 74 . 73 . 70 . 72 . 71 mm. 
Height . . 62 . 58 . 60 . 59 . 63 . 59 „ 

(1-4) Per»a-bed, Atherfield. 

(5, 6) Perwa-bed, Sandown. 

Affinities. — Astarte Beaumonti^ Leymerie,^ and A. transversa^ Leymerie,- are 
closely allied to A. ohovata^ and were regarded by Forbes as merely varieties of the 
latter. Pictet and Renevier (1857) were inclined to regard the differences as not 
of specific importance. Pictet and Campiche (1866), however, kept the three forms 
distinct, but were uncertain whether they should be regarded as species or varieties. 
They state that in A. Beaumonti the margin is smooth, whilst in A. ohovata and 
A. transversa it is crenulated. In the first two forms the posterior margin is more 
rounded, but in the last it is more truncate. It is very doubtful whether the 
crenulation of the margin is a feature of specific importance in Astarte ; indeed, 
one writer^ thinks that it is a characteristic of sex. Whether the other differences 
are of specific value can be determined only by the comparison of a number of 
examples of A. BeaimKmti and A. transversa with specimens of A. ohovata. 

1 * Mem. Soc. g^ol. de France/ vol. v (1842), pp. 4, 24, pi. iv. fig. 1. D'Orbigny, 'Terr. Cret./ 
vol. iii (1844), p. 60. pi. cclx. Pictet and Campiche, 'Terr. Cret. Ste. Croix' (1866), p. 300, pi. exxiv, 
fig. 1. WoUemann, *Biv. u. Gastrop. d. deutsch. u. holland. Neocoms' (1900), p. 95. 

2 Op. cit. (1842), pp. 4, 24, i>l. v, fig. 5. D'Orbigny, op. cU., p. 61, pi. cclxi. Pictet and Campiche, 
op. cit., p. 301, pi. cxxiv, fig. 2. De Loriol, *Anim. Invert. Foss. Mt. Saleve' (1861), p. 68, 
pi. viii, fig. 9. 

^ A. Ostrooumoff, *Zool. Anzeiger,' vol. xxiii (1900), p. 499. 
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The shallow pallial sinus shown in internal casts, and the characters of the hinge 
seem to warrant the reference of this species to the sub-genus Eriphyla. 

Remarks. — Some of the specimens found in the Isle of Wight have the posterior 
end rounded, but in the larger number it is more or less distinctly truncated. The 
former approach A. Beaumonti ; the latter resemble A. transversa. I have not seen 
any examples from the Isle of Wight which show the internal margin of the valve 
sufficiently clearly to determine whether it is crenulate or not, but in an internal 
cast from the Hythe Beds of Hythe (Museum of the Geological Society, No. 2187) 
the crenulation is distinct. 

The specimens of A. obovata show a fairly large amount of variation. In some 
the anterior part of the valve is quite short, as in Leymerie's figure of A. trans- 
versa; in others it is much longer. The relative height and length, the amount 
of rounding or truncation of the posterior margin, and the coarseness of the 
ornamentation also vary. 

The specimens from the Hythe Beds of Hythe are very poorly preserved. 
Those from the Greensand of Blackdown and Haldon appear, so far as one can tell 
from the few perfect specimens available, to be rather shorter than most of the 
Lower Greensand examples. 

Types. — The type cannot be found ; it came from the Pe77wi-bed of Sandown. 

Distribution. — Lower Greensand (Perrwi-bed) of Atherfield and Sandown. 
Recorded by Topley from the Atherfield Beds of Peasemarsh and Shalford, and 
from, the Hythe Beds of Hythe and Lympne. 

Upper Greensand (zone of Schlopnhachia, rostrata) of Blackdown and Haldon. 



AsTABTE (Ebiphyla) l^vis (PhilUps), 1829. Plate XVI, figs. 5-7. Plate XVII, 

fig.L 

1829. Cbassina l^evis, /. Phillips, Qeol. Yorks., p. 122, pi. ii, fig. 19 (? fig. 18). 
1835. AsTABTB LiEviB, PhiUips, Ibid., ed. 2, pt. 1, p. 158 (ed. 3, 1879, p. 252). 
1854. — — /. Morris. Cat. Brit. Fobs., ed. 2, p. 187. 

Description. — Shell large, thick, convex, ovate, usually considerably inequilateral; 
height and length nearly equal, or the height may be rather greater than the length 
or vice versa. Antero-dorsal margin rather long and slightly concave; postero- 
dorsal margin very long and moderately convex. Anterior and ventral margins 
well rounded. Posterior extremity rounded or sometimes subangular. Umbones 
large. Lunule large, ovate, deep, nearly smooth, with a sharp border. Escutcheon 
narrow, deep. 
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Ornamentation consists of numerous, rather strong, narrow, concentric ribs 
which are somewhat irregular. 

Hinge-plate broad, triangular. In the left valve two strong cardinal teeth and 
one lateral at the margin of the lunule. Teeth of right valve not seen. Margins 
of valves strongly crenulate. 

Measiiremeids : 

(1) (2) (8) (4) 

Length . 57 . 51 . 51 . 44 mm. 
Height . 59 . 56 . 47 . 39 „ 
(1-4) Claxby Ironstone, Benniworth Haven. 

Affinities. — This species is allied to Astarte Ssemanni^ de Loriol,^ of which good 
specimens arc found in the Portland Sands of Swindon. In some cases the resem- 
blance is very close, but generally the umbones are more prominent, the antero- 
dorsal margin relatively longer, and the valves more convex in A. Isevis than in 
A. Ssemanni. 

A. Buchi, Romer,^ is apparently allied to A. IsBviSy but is distinguished by the 
greater anterior curvature of its umbones. A. gigaiiteay Leymerie,^ is less inequi- 
lateral and more elongate than A. Ixvis. 

Remarlis. — Most of the examples of this species have been obtained from the 
Claxby Ironstone. Only two have been seen from the Speeton Clay, one being in 
the Leckcnby Collection (Sedgwick Museum), the other in Mr. Lamplugh's Col- 
lection ; these appear to agree with the larger example of Astarte Isevis figured by 
Phillips (fig. 19). 

Typps. — The type, from the Speeton Clay, appears to be missing. 

Dl^trihnfion, — Claxby Ironstone (zone of Belemnites lateralis) of Benniworth 
Haven. Speeton Clay of Speeton. 



Astarte (Eripiiyla) striata, Sowerby, 1826. Plate XVII, figs. 2-7. 

1826. Astarte striata, /. de C. Sowerby, Min. Conch., vol. vi., p. 35, pi. dxx, 

fig. 1. 
1836. — coNCiNNA, /. de C. Sowerby, Trans. Qeol. Soc., ser. 2, vol. iv, 

pp. 239, 341, pi. xvi, fig. 15. 
1842. — — F, Eomer. De Astartarum Genere, p. 21. 



^ De Loriol and Pellat, * Portlandien de Boulogne- sur-mer' (1866), p. 68, pi. vi, fig. 9. E. Q-. 
Skeat and V. Madsen, * Jur. Neoc. and Gault Boulders in Denmark' (1898), p. 123, pi. iii, fig. 2. 

•^ ' De Astartarum Genere ' (1842), p. 20, fig. 4. Pictet and Renevier, ' Foss. Terr. Aptien' (1856), 
p. 85, pi. X, fig. 1. 

3 For references see Pict-et and Campiche, * Terr. Cr6t. Ste. Croix ' (1866), p. 298. 
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1850. AsTARTE STRIATA, A. d'Orbi^uy, Prodr. de Pal., vol. ii, p. 160 (pat^im). 

— — CONCINNA, d'Orhigny. Ibid., p. 160. 

1854. — STRIATA, /. Morris. Cat. Brit. Foss., ed. 2, p. 187. 

— — CONCINNA, Morris. Ibid., p. 186. 

1866. — STRIATA, F. J. Pictel and O, Campiche. Fobs. Terr. Crct. Ste. 

Croix (Mater. Pal. Suisse, ser. 4), p. 230. 
187 1 . — — (Ertphila), F. Stoliczka, Palaeont . Indica, Cret. Fauna 

S. India, vol. iii, p. 285. 

— — CONCINNA (Eriphtla), StoUczka, Ibid., p. 285. 

? 1873. Eriphtla striata, H. B. Qeinitz. Das Elbthalgeb. in Sachsen (Palaeon- 

tographica, vol. xx, pt. 1), p. 228, 
pi. li, figs. 1-3. 

Descnption. — Shell with rounded outline, sometimes nearly orbicular, usually 
only moderately inequilateral, moderately convex. Length usually a little greater 
than height, but occasionally less. The margin in front of the umbo is concave 
for a short distance ; behind the umbo it is convex ; the anterior, the ventral, and 
posterior margins form a more or less regular curve. Umbones rather small, 
placed a little in front of the median line. Lunule small, deep, with a sharp edge. 
Escutcheon narrow. 

Ornamentation consists of numerous small concentric ribs, which are slightly 
irregular and are separated by linear grooves; at intervals somewhat deeper 
grooves may occur. 

Hinge-plate wide. Two cardinal teeth in each valve, and one lateral tooth 
next the lunule in the left valve. Adductor impressions deep, the anterior some- 
what elongated. Pallial sinus shallow, rounded. Margins of valves smooth. 

Measurements : 

(3) (4) (5) 

44 . 42 . 39 

41 . 43 . 37 

(1-8) Blackdown. 

Affinities. — This species is closely allied to A, {Enphyla) lenticuluris (Goldfuss),^ 
but the outline of the valve is less regularly orbicular. 

Astarte Konincki^ d'Archiac,^ from the Tourtia of Tournay, was regarded by 
d'Orbigny, Pictet and Campiche, Stoliczka, and Geinitz as a synonym of A. striata. 
I have not seen any example of the former, but it appears to differ from A. stinata 
in having less prominent umbones, more inflated valves, a more regularly orbicular 

1 'Petref. Germ.,* vol. ii (1840), p. 228, pi. cxlvi, fig. 16. Holzapfel, 'Zeitschr. d. deutsch. geol. 
Qesellsch.,' vol. xxxvi (1884), p. 458, pi. vi, figs. 1, 2, and * PalsBontographica,' vol. xxxv (1889), 
p. 195, pi. xiv, figs. 5-7. 

« 'Mem. Soc. geol de Prance,' ser 2, vol. ii (1847), p. 302, pi. xiv, fig. 4. 





(1) 


(2) 


Length . 


46 


. 45 


Height . 


45 


. 42 



(6) 


(7) 


(8) 


37 , 


, 35 . 


28 mm. 


34 , 


, 34-5 . 


27-5 „ 
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outline, and apparently also fewer ribs. Two imperfect specimens from the 
Cenomanian (Bed 11) of Dunscombe were referred to A. Koniiichi by the late 
C. J. A. Meyer, but they are less convex than that species and seem to agree 
more nearly with A. striata. 

Astartp coiiciniia, Sowerby, was regarded by Stoliczka as probably identical with 
A. striata. It is known by the type specimen only, and agrees with A. striat/i^ 
except that it is rather higher and more inequilateral. I believe that it is merely 
an individual variation of A. stinata. 

Types. — From Blackdown, in the British Museimi. The type of A. coiicinn^i- is 
from Blackdown and is now in the Bristol Museimi. 

DktHlmtion. — ^Upper Greensand (zone of Scldomhachia rostrata) of Blackdown. 



Oetm^ — Opis, M. J. L. Defrance^ 1825. 
(' Diet. Sci. nat.' vol. xxxvi, p. 219.) 

Opis neocomiensis, d^OiH^nyy 1844. Plate XVII, figs. 8-12. 

1842. Opis A. Leymerie. M<Sm. Soc. gtol. de France, ser. 2, vol. y, 

p. 25, pL yii, fig. 4. 
1844. — NEOCOMIENSIS, A. d'Orhigny. Pal. Fran9. Terr. Cr^t., vol. iii, p. 61, 

pi. ccliii, figs. 1 — 5. 
1850. — — d'Orhigny. Prodr. de Pal., vol. ii, p. 76. 

1855. — — G. Cotteau. Moll. Fobs, de rTonne, p. 67. 

1857. — — F,J,PictetandE.Benevier. Fobs. Terr. Aptien (Mater. 

Pal. Suisse, ser. I), p. 
88, pi. ii, fig. 7. 
1861. — Desoei, p. de LorioL Anim. Invert. Foss. Mt. Sal^e, p. 66, pi. viii, 

figs. 4— 7. 
1866. — NEOCOMIENSIS, F. J. Pidet and O, Campiche. Foss. Terr. Cret. Ste. 

Croix (Mat£r. Pal. Suisse, ser. 4), 
p. 324, pi. cxxv, figs 3, 4. 
1868. — — P. de Lorioh Valangien d'Arzier, p. 31. 

? 1871. — — W,A. Ooster. Protozoe Helvet., vol. ii, p. 101, pi. xv, 

fig. 17. 
1883. — — TF. Keeping, Foss. etc., Neoc. Upware and Brickhill, 

p. 121, pi. vi, fig. 8. 
1900. — — A. WoU^mann. Die Biv. u. Gastrop. d. deutsch. u. 

holland. Neocoms (Abhandl. d. k. 
preussisch. geol. Land., N. F., pt. 
31), p. 102. 

Description. — Shell trigonal or sub-quadrilateral, much higher than long, 
inequilateral, greatly inflated, but with flattened sides. Anterior margin rounded. 
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Posterior margin truncated, slightly concave, forming an angle with the gently 
curved ventral margin and also with the postero-dorsal margin. Umbones 
prominent, slender, greatly incurved, almost touching in the young, but separated 
in older specimens. A prominent carina extends from the umbo to the postero- 
ventral angle, cutting off an area which is divided into two parts by a prominent 
but rounded carina which ends at the postero-dorsal angle ; the outer part only of 
the area is seen in a side view, and is concave ; the inner part is depressed, and its 
dorsal portion is flattened and resembles a lunule. Lunule very large, cordate, 
flattened. 

Ornamentation consists of many small concentric ribs separated by narrow 
grooves. Behind and in front of the flattened part of the valve this ornamentation 
becomes less distinct or may disappear altogether. Margin of valve entire. 

Measurements : 

(0 (2) (3) (4) (5) 

Length . 23 . 22 . 20 . 14 . 14 mm. 

Height^ . 35 . 33 . 29 . 20-5 . 19 „ 

Thickness . 26 . 26 . 24 . 16 . 15 „ 
(1 — 5) Lower Greensand, Upware. 

Affinities. — This species shows some resemblance to 0. HugardianUj d'Orbigny,^ 
from the Gault. 

m 

Remarks. — The shell is relatively higher in large than in small specimens. In 
all the examples obtained from Upware the shell is preserved. Specimens from 
Seend are in the Museum of Practical Geology. 

Types. — Leymerie's specimen came from the Lower Neocomian of Befrnon 
(Aube). D'Orbigny's specimens were obtained from Saint Sauveur (Yonne), 
Bernon, and MaroUes. The specimen figured by Keeping is in the Sedgwick 
Museum. 

Distnbution. — Lower Greensand of Upware and Seend. Internal casts, 
probably belonging to this species, are foimd in the Lower Greensand of Coleshill 
near Faringdon. 



Oris UALDONENSis, sp. uov. Plate XVIII, fig. 1 a-d. 

Description. — Shell trigonal, higher than long, moderately inequilateral, convex, 
with flattened sides. Anterior margin slightly convex, passing gradually into the 

^ Measured from the umbo to the postero- ventral angle. 

* Syn. O, Sahaudiana, d'Orbigny, *Pal. Fran9. Terr. Cret.,* vol. iii (1844), p. 53, pi. cclvii, figs. 
4—6 ; Pictet and Roux, * Moll. Foss. Grc^s verts de Geneve ' (1852), pp. 432—434, pi. xxxii, fig. 1. 
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slightly curved ventral margin. Posterior margin somewhat oblique, slightly 
concave. Postero-ventral angle rounded. Umbones high, prominent, not much 
incurved. A })roniinent, rounded carina extends from the umbo to the postero- 
ventral angle, and cuts off a posterior area which is divided into two parts by a 
strong, rounded carina ending at the postero-dorsal angle. The part of the area 
between the carinae is concave ; the part behind the median carina is deeply 
depressed. Lunule large, very deep, flattened. Surface of shell apparently 
smooth. Length, 43 mm. Height, 58 mm. 

Affinities. — It is possible that this species may be related to 0. Gallienn^ij 
d'Orbigny,^ which seems to be known by casts only, but the height of the shell 
appears to be relatively less. 0. Galliennei has been identified by some authors 
with 0. bicarnis (Geinitz) - f rom the Cenomanian of Plauen. The latter differs 
from the species described above in possessing strong concentric ribs and in the 
absence of a carina between the umbo and the postero-ventral angle. 

Roruirks. — The only undoubted example of this species which I have seen is a 
right valve collected by the late W. Vicary, and now in the British Museum. The 
surface of the shell is not well preserved, but appears to have been nearly smooth. 

An imperfect specimen of a large Opi^ (length about 63 mm.) from the 
Cliloritic Marl of Eggerdon Hill (Dorset) is in the Sedgwick Museum, Cambridge, 
and may belong to this species. 

Distribution. — Upper Greensand (zone of Schlmnbachia rostrata) of Haldon. 



Oris, sp. PI. XVII, figs. 13 a-c, 14 a-c. 

Descriptio)}. — Shell small, sub- triangular, rather oblique; greatest convexity 
along the carina. Anterior margin rounded ; posterior margin slightly convex. 
Uniboncs prominent, sharp, considerably curved anteriorly. Carina sharp, 
prominent, cutting off a steeply sloping posterior area, which is not divided by a 
median carina. Sides of shell flattened, sloping slightly in front of the carina, and 
passing gi-adually into the anterior part of the shell. Lunule very deep, with a 
sharp border. 

Ornamentation consists of regular, concentric ribs. Posterior area nearly 
smooth. 

* 'Pal. Frany. Terr. Cret./ vol. iii (1844), pi. ccWiihis, fig. 5 (not described in the text); 
Gui'ranger, * Album Paleont. de la Sarthe ' (1867), p. 17, pi. xxii, fig. 13. 

2 " Das Elbtbalgeb. in Sachsen " (' Palceontograpliicii,' vol. xx, pt. 1, 1873), p. 227, pi. 1, figs. 1—3. 
Internal casts of Opis from the base of the Chalk at Maiden Newton and Chard have been recorded 
as 0. hicornist (Grein.) by Jukes-Browne, 'Cret. Rocks of Britain,' vol. ii (1903), pp. 113, 122. Two 
of the specimens on which the determination was based are in the Oxford Museum. 
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Measurements : 








(1) 


(2) 


Length 


8 


7'5 mm 


Umbo to postero-ventral angle 


12 


11-0 „ 


(1, 2) Haldon. 
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Affinities. — This species may perhaps be related to 0. cenomanensis^ Gu^ranger,^ 
but the figure of the latter is too indistinct for recognition. 

Remarks. — There are four examples of this species in the Vicary Collection, 
British Museum. 

Distribution. — Upper Greensand (zone of Schlosnhachia rostrata) of Haldon. 



Family— GARDITIB^, Gill. 

Genus — Cakdita, J. G. Brnguiere^ 1792.^ 
(* Encyc. mdth., Vers,' vol. i, p. 401.) 

Cakdita? fenesteata {Forbes), 1845. Plate XVIII, figs. 2-4. 

1845. Venus ? fenestbata, E. Forbes. Quart. Joum. Geol. Soc., vol. i, p. 240, 

pi. ii, fig. 6. 
1850. Cakdita — A. d*Orhigny. Prodr. de Pal., vol. ii, p. 77. 

1854. Venus — /. Morris. Cat. Brit. Fobs., ed. 2, p. 230. 

1856. Cabdita — F. J. Pictet and E. Benevier. Foss. Terr. Aptien 

(Mater. Pal. Suisse, ser. 1), p. 82, 

pi. ix, fig. 4. 
1866. — — F.J. Pictet and G. Campiche. Foss. Terr. Crft. Ste. 

Croix (Mater. Pal. Suisse, ser. 4), 

p. 333. 
1871. — — F. StoliczJca. Palseont. Indica, Cret. Fauna S. India, 

vol. iii, p. 287. 

Descnption. — Shell oval or somewhat rhomboidal, much longer than high, very 
inequilateral, moderately inflated, but with flattened sides. Anterior margin 
rounded ; ventral margin slightly curved or almost straight, and nearly parallel 
with the dorsal margin; posterior margin obliquely truncated, forming an acute angle 

1 • Album Paleont. de la Sarthe ' (1867), p. 13, pi. xvi, fig. 3. 

^ Owing to the difficulty of distinguishing the fossil forms of Cardita from Venerlcardia when, as 
in the case of nearly all the examples found in the Cretaceous rocks of England, the hinge is unknown, 
all the species are, for the present, referred to Cardita. 

16 



\ 
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with tlie ventral margin, and an obtuse angle with the dorsal margin. Umbones 
moderately prominent, curving forwards, bearing a carina which extends to the 
postero-ventral angle and cuts off a flattened or concave area. Lunule ovate, 
rather large, nearly smooth. Escutcheon with a sharp edge. 

Ornamentation consists of narrow, rounded, radial ribs, separated by broad, 
flat interspaces, and crossed at rather distant intervals by strong, narrow, con- 
centric, lamellar ribs, which give rise to a scale-like projection where they join 
the radial ribs. The postero-dorsal area has similar concentric ribs, and a strong 
radial rib near the dorsal margin, and another near the middle of the area with 
smaller ribs between. 

Measurements : 

(1) (2) (8) (4) (5) (6) 

Length 20 19 19 19 18 16 mm. 

Height 14 13 12 11-5 12 11 „ 

(1—6) Pema-bed, Atherfield. 

Affitiities. — G. fenestrata appears to be quite distinct from other Cretaceous 
species of Cardita^ but shows some resemblance in form to G. tricarinata^ d'Orbigny,^ 
from the Cenomanian of Le Mans. The hinge and interior are unknown, and the 
generic position of the species is not free from doubt. Stoliczka remarks 
that * G. fenestrata is not unlike a Venerupis.^ 

Type. — From Peasmarsh, in the Museum of the Geological Society, Nos. 
2182, 2183. 

Distrihxdion. — PtT/ia-bed and Atherfield Clay of Atherfield. Atherfield Beds 
of Peasmarsh and East Shalford. 



Cardita upwaeensts, sp. nov. Plat^ XVIII, fig. 5. 

1883. Cabdita botundata ? W. Keeping, Fobs., etc. Neoc. Upware and Brick- 
hill, p. 121, pi. Ti, fig. 7. 

Description. — Shell subtriangular, inflated, height and length nearly equal, 
inequilateral. Anterior margin rounded, passing gradually into the convex ventral 
margin. Posterior margin truncated, oblique, not sharply limited from the postero- 
dorsal margin. Umbones prominent, strongly curved anteriorly, with a rounded 

1 * Pal. Fran9. Terr. Cret.,* vol. iii (1844), p. 95, pi. cclxxxiii his., figs. 6—7 ; Gu^ranger, * Album 
Paleont. de la Sarthe' (1867), p. 13, pi. xvi, figs. 19, 20. 
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carina extending to the postero-ventral angle, and cutting off a steeply-sloping 
postero-dorsal part of the valve. Lunule rather small, cordate, broader than long. 

Ornamentation consists of about twenty-five radial ribs on the part of the valve 
in front of the carina ; the ribs are strong and rounded, but are narrower than 
the interspaces. Both are crossed by regular concentric lamellae, which become 
prominent on the ribs. On the postero-dorsal area the ribs are smaller, more 
numerous, and closer together; two of these ribs are rather stronger than the 
others, and divide the area into three parts. Length 21 mm. ; height 20*5 mm. ; 
thickness 17 mm. 

Affinities. — This species was doubtfully referred by W, Keeping to G. rotundatOy 
Pictet and Roux, but it differs from that form by its fewer and stronger ribs and 
more triangular outline (see p. 125). 

In form it resembles G. Dupinianay d'Orbigny,^ but the ribs on the postero- 
dorsal area are smaller and more numerous. In this respect, and in its shorter 
and less quadrate outline, it differs from G. neocomimsis^ d'Orbigny.^ 

Remarks. — I have seen only three examples of this species, two of which are in 
the Sedgwick Museum, and one is in the collection of Mr. J. F. Walker. 

Distribution. — Lower Greensand of TJpware and Potton. 



CARDirA, sp. Plate XVIII, fig. 6. 

A specimen consisting of the united valves from which the ventral parts are 
missing was obtained by Leckenby from the P^?ia-bed of Atherfield, and is now 
in the Sedgwick Museum. It shows some resemblance to G. vptvarensis (see 
above), but is more elongate and more distinctly carinate. 



Caedita, sp. 

Two specimens of Gardita from the Hythe Beds of Maidstone are in the Museum 
of the Geological Society. They were examined by Edward Forbes,^ who identified 
one with G. neocomiensisy d'Orbigny, and the other with G. qitadratay d'Orbigny. 
The specimens are similar in form to those species, but their state of preservation 
is too imperfect for satisfactory determination. 

1 'Pal. Fran9. Terr. Cret.,' vol. iii (1844), p. 88, pi. cclxviii, figs. 6—10; Pictet and Campiche, 
* Pos8. Terr. Cr6t. Ste. Croix * (' Mater. Pal. Suisse/ ser. 4, 1866), p. 334, pi. cxxvi, figs. 4, 5. 
* D'Orbigny, op, cit,, p. 86, pi. cclxvii, figs. 1 — 6. 
3 « Quart. Joum. Geol. Soc.,* vol. i (1846), p. 242. 
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Caeidita tenuicosta {Sowerhy), 1836. Plate XVIII, figs. 7-14. 

1836. Veneeicardia tenuicosta. /. de C. Sowerby, Trans. Gteol. Soc., ser. 2, vol. 

iv. pp. 114, 269, 366, pi. xi. 
fig.7». 
1838. Cardium tetragonum, H. Michelin. M^m. Soc. g6o\. de France, vol. iii, p. 

102, pi. xii. fig. 3. 
1842. Venericardia tenuicosta, A. Leymerie. Mem. Soc. gdol. de France, ser. 2, 

vol. V, p. 26, pi. iii, fig. 9. 
1844. Cardita tenuicosta, A. d'Orhigny. Pal. Fran9. Terr. Cret., vol. iii, p. 87, 

pi. cclxviii, figs. 1 — 6. 
1846. Venericardia tenuicosta, A. Leymerie, Statist, geol. et min. de TAube, 

pi. V, fig. 7. 
1850. Cardita — d*Orbigny. Prodr. de Pal., vol. ii, p. 137. 

1854. — _ /. Morris, Cat. Brit. Foss., ed. 2, p. 191. 

1855. — — G. Cotteau. Moll. Foss. de ITonne, p. 72. 
1866. — ^ F.J. Fictet and G, Campiehe. Foss. Terr. Cret. 

Ste. Croix (Mat^r. PaL Suisse, 
ser. 4), p. 335, pi. cxxvi, figs. 
6—9. 
1871. — — F. Stoliczka. Pateont. Indica, Cret. Fauna S. 

India, vol. iii, p. 287. 

Non 1842. Venericardia — H. B. Geinitz. Char. d. Schicht. u. Petref. des 

sachs.-b5hm. Ereidegeb., pt. 
3, p. 76, pL XX, fig. 9 (C. 
Oeinitzi, d'Orbigny). 

— 1846. Cardita (Venericardia) tenuicosta, A. E. Beues. Die Verstein. der bohm. 

Ereideformat., pt. 2, p. 4, pi. 
xxxiii, fig. 16 (C corrugata, 
Beuss). 

— 1873. Cardita tenuicosta, H. B. Geiniiz. Das Elbthalgeb. in Sachsen (PalsBon- 

tographica, vol. xx, pt. 2), p. 60, 
pi. xvii, figs. 11 — 13. 

— 1885. — (Venericardia) tenuicosta, F. Notling. Die Fauna d. baltisch. 

Cenoman. (Palseont. Abhandl., vol. 
ii), p. 29, pi. V, fig. 4. 

— 1889. — tenuicosta, A. Fritsch. Stud, im Q^biete der bohm. Kreide- 

format., iv. Teplitz. Schicht., p. 78, 
fig. 62. 

— 1893. — — Fritsch. Ibid v. Priesener Schicht., p. 91. 

? — 1900. — — A. Wollemunn. Die Biv. u. Qustrop. d. deutsch. u. 

hoUand. Neocoms (Abhandl. d. 
k. preussisch. geol. Land., N. F., 
pt. 31), p. 94, pi. iv, fig. 9. 
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Description. — Shell more or less sub-quadrate, rounded, moderately convex, 
with the postero-dorsal portion compressed ; length greater than height ; moderately 
inequilateral. Postero-dorsal margin only slightly curved; posterior margin more 
or less truncated, passing by a regular curve into the ventral margin, which is only 
slightly convex and nearly parallel with the postero-dorsal margin. Anterior 
margin rounded. Antero-dorsal margin concave. Umbones curved anteriorly. 
Lunule ovate, nearly smooth. Escutcheon lanceolate, with a sharp edge. 

Ornamentation consists of 47 to 57 rounded radial ribs, which are separated 
by furrows of greater breadth than themselves ; near the postero-dorsal margin 
these ribs are rather closer together than elsewhere. In some cases the postero- 
dorsal part of the valve is divided into two parts by two ribs, which are more 
prominent than the others. At regular intervals concentric lamellaB occur and form 
marked projections where they cross the ribs. Near the umbo these lamellae are 
more widely separated, and near the margin, especially in large specimens, they 
are closer together than elsewhere. Sometimes faintly marked concentric ridges 
may be seen on the ribs between the lamellaB. Margins of valves crenulate. 

Measurements : 

(5) (6) (7) (8) (9) (10) (U) (12) (13) (14) 

24 23-5 23 23 22 22 20 16 15 15 mm. 
20 21 21 19-5 20 19 17 14*514 13 „ 
(1 — 14) Gault, Folkestone. 

Affinities. — This species has more numerous ribs and is less inflated than 
C. neocomiensisy d'Orbigny and G. Dupinianay d'Orbigny.^ It possesses about the 
same number of ribs as G. Gonstantij d'Orbigny,- but is less elongate and less 
inflated. G. rotundata^ Pictet and Roux,^ differs from (7. tenuicosta in being 
more inflated, and can be regarded as only an individual variation. Some examples 
found at Folkestone, which in other respects agree with G. tenuicosta^ are as much 
inflated as the type of G. rotundata. G. clathrata^ Buvignier,* is a small form, but 
haB the concentric laminae more widely separated than in even the young of 
G. tenuicosta. G. argonnensisy Buvignier,^ is more compressed and has more slender 
ribs than G. tenuicosta. G. cenomanensis^ d'Orbigny,^ is distinguished from 
G. tenuicosta by its broader ribs and more closely placed concentric lamellae. 

G. tenuicosta has narrower ribs and broader furrows than the forms from the Chalk 

1 For references to figures of these species see p. 123, footnotes 1, 2. 

2 * Pal. Fran9. Terr. Cret./ vol. iii (1844), p. 89, pi. cclxix, figs. 1 — 5 ; Pictet and Campiche, * Foss 
Terr. Cret. Ste. Croix' (*Matc'r. Pal. Suisse,' ser. 4, 1866), p. 337, pi. cxxvi, fig. 10. 

3 ' Moll. Foss. Ores verts de Geneve' (1852), p. 443, pi. xxxiii, fig. 6. 

* • Statist, g^ol., etc., de la Meuse,' Atlas (1852), p. 19, pi. xv, figs. 16, 17. 
5 Ibid., p. 19, pi. xxxii, figs. 1 — 3. 

• D'Orbigny, <yp. cit.y p. 94, pi. cclxxxiii his.y figs. 1—4, 





(1) (2) 


(3) 


(4) 


Length , 


30 27 


25 


24 


Height . 


26-5 23 


22 


22 
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of Saxony and Bohemia which have been referred to that species by Geinitz and 
by Reuss. G. tenuicosta of Reuss is the type of G. (Venericardia) hohemica, 
Griepenkerl.^ 

Remarks. — Numerous specimens of G. tenuicosta from Folkestone have been 
examined, and they are found to show a considerable amount of variation in con- 
vexity and in relative height and length. 

Type. — The type came from the Gault of Folkestone, but cannot now be found. 

Distribution. — Gault (zones i, v, vii, viii, ix, xi) of Folkestone. Recorded by 
Jukes-Browne from the Cambridge Greensand, and by Barrois from the Upper 
Greensand (zone of Schlcenhachia rostrata) of the Isle of Wight. 



Cardita Cottaldina, d'Orhigny^ 1844. Plate XVIII, figs. 15, 16. 

1844. . Cabdita Cottaldina, A. cCOrhxqny. Pal. Frang. Terr. Crot., vol. iii, p. 91, 

pi. cclxix, figs. 6 — 8. 
1871. — — F, Stoliczka. Palseont. Indica, Cret. Fauna S. India, 

vol. iii, p. 287. 
? 1895. — ef. Cottaldina, E. Tiessen. Zeitschr. der deatsch. geoL QeseUsch., 

vol. xlvii, p. 486. 

Bemarhs. — Examples of a species of Gardita^ which is not uncommon in the 
Chloritic Marl of Dorset, appear to belong to G. Gottaldina^ but their state of 
preservation is very unsatisfactory. Most of the specimens are internal casts, and 
in cases where parts of the shell are present the surface is very imperfect, so that 
the characters of the ornamentation cannot be clearly distinguished. M. Raoul 
Fortin informs me that the preservation is equally unsatisfactory in the Cenoraanian 
of Rouen, from whence d'Orbigny's specimens were obtained. 

The shell is quadrate in outline, very convex, carinate, and somewhat longer 
than high. The ornamentation appears to consist of about 40 ribs, separated by 
interspaces of great width. 

0. Oottaldinu may be distinguished from G. tenuicosta (p. 124) by its fewer ribs, 
by the length and height being more nearly equal, and by the greater convexity of 
the valves. 

Measurements : 

(1) (2) (3) 

Length . . 21 . 20 . 16-5 nmi. 
Height . . 19 . 18 . 14 „ 
Thickness . 16 . 15-5 . 12 „ 
(1—3) Chloritic Marl. (1) Chaldon, (2) Chard, (3) Balcombe. 

1 * PalflBont. Abhandl.,' vol. iv (1889), p. 58. 
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Distnbution. — Chloritic Marl of Balcombe, Ceme, Chaldon, Chalmington, Chard, 
Maiden Bradley, and Maiden Newton. Recorded by Jukes-Browne from the 
Chloritic Marl and the zone of Schloenhachia varians of the Isle of Wight. 



Cardita, sp. 

Specimens of Cardita from which the shell has disappeared, but showing traces 
of the ribs, are found in the Chalk Marl of Ventnor, Folkestone, etc. These are 
too imperfect for specific determination. A specimen from Ringmer was figured 
by Sowerby,^ and was subsequently regarded by d'Orbigny^ as an example of his 
G. duhia. 

Somewhat similar specimens also occur in the Upper Greensand of Devizes. 



Cabdita cancellata. Woods, 1897. Plate XVIII, figs. 17, 18. 

1897. Cabdita cancellata, H. Woods, Quart. Joum. Gteol. Soc., vol. liii, p. 390 

pi. xxviii, figs. 2 — 5. 

DescHption. — Shell oval, slightly inequilateral, inflated, postero-dorsal part 
compressed, faintly carinate ; length rather greater than height ; margins rounded. 
TJmbones moderately prominent, curved anteriorly. 

Ornamentation consists of a large number of radial ribs separated by narrow 
furrows, and crossed by numerous concentric ribs, giving a nodular appearance at 
the points of intersection. The concentric ribs are more distinct on the anterior 
part and the radial ribs more distinct on the median and posterior parts of the 
shell. Margin of valves finely crenulate. 

MeoMirements ; 

(1) (2) (8) 

Length . 18 . 16 . 13 mm. 
Height . 16 . 14-5 . 12 „ 

(1 — 3) Chalk Eock, Cuckhamslev. 

Affinities. — This species is more inflated and more rounded than G. temiicosta 
(p. 124), and possesses more numerous radial ribs with narrow furrows and 
strong concentric ribs instead of laminaB. 

The concentric ribs distinguish G. cancellata from the forms described by 

1 * Min. Conch./ vol. iii (1820), p. 106, pi. cclix, fig. 3 (the original is now in the British Museum). 
Feiwricarcita ? Mantell, * Fobs. S. Downs' (1822), p. 126. 

« ' Pal. Fran9. Terr. Cret.,' vol. iii (1844), p. 92, pi. cclxx, figs. 1—5. Oueranger, ' Album 
Paleont. de la Sarthe' (1867), p. 13, pi. xvi, figs. 14—18. 
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Geinitz ^ and by Reuss ^ as (7. temdcosta. The concentric ribs and the nodular 
character which they give to the radial ribs separate G. cancellata from Veneincardia 
santonensis^ MuUer.^ 

liemarks. — The specimens of G. cancellata are chiefly in the form of internal 
and external moulds ; wax casts of the latter show the character of the ornamenta- 
tion. In a few cases small portions of the shell are still preserved. 

Type. — From the Chalk Rock of Cuckhamsley, in the Sedgwick Museum. 

Didribution, — Chalk Rock of Cuckhamsley, Aston Hill, Chinnor Hill, Thick- 
thorn Hill (Bledlow), Boxnioor, Luton, and Wood Ditton. 



i^,,,,,i/y_CRASSATELLITID^, I>att. 

Genus — Crassatellites, J. F. Kriiger^ 1823. 
(* Geschichte d. Urwelt./ ii, p. 466.) 

Ckassaiellites DivisiENSis, sp. uov. Plate XIX, fig. 1. 

Description, — Shell subquadrate, very inequilateral, moderately long, convex, 
but with flattened sides, carinate. Anterior margin regularly rounded ; ventral 
margin nearly straight, oblique to the postero-dorsal margin; posterior margin 
convex, obli(iue, forming an obtuse angle with the postero-dorsal margin, which is 
nearly straight. Umbones rather prominent, curved anteriorly. Carina rounded, 
forming a gentle curve between the umbo and the postero-ventral angle. 
Posterior area moderately large, apparently not divided by a median rib. Lunule 
deep. 

Ornamentation consists of numerous, strong, regular, concentric ribs, separated 
by shallow furrow^s. On the posterior area the ribs appear to be narrower. 
Length 45 mm. ; height 37 mm. 

Affinities. — This species shows some resemblance to G. Gue}'aiig&i% d'Orbigny,* 

1 C. Geiniizii, d'Orbiguy, * Prodr. de Pal./ vol. ii (1850), p. 239. For references to Geinitz's 
figures see above (p. 124). 

- * Die Vers toil! . der bolim. Kreideformat./ pt. 2 (1840), p. 4, pi. xxxiii, fig. 16. C, cormgcUa, 
Eeiiss, * Geogu. Skizzeii aus Bohinen,' vol. ii (1844), p. 190 ; Giimbel, * Abhandl. d. k. bajerisch. Akad.' 
(Miincben), vol. x (1868), p. 568. Cardita {Venericanlia) hohemica, G riei)eiikerl, * Senon. Kouigs- 
lutter' (*Palffiout. Abhandl.,' vol. iv, 1889), p. 58. See also 0. Cu^aWtwa, d'Orbigny, • Prodr. de 
Pal.,' vol. ii (1850), p. 161. 

'^ * Mollusk. Uuterseu. v. Braunschweig u. Ilsede ' (1898), p. 55, pi. vii, figs. 10 — 12. 

^ *Pal. Fran9. Terr. Crct./ vol. iii (1844), p. 7ij, pi. cclxv, figs. 1,2 ; Gucranger, 'Album Paleont. 
de la Sarthe' (1867), p. 13, pi. xvi, fig. 11. 
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but is more inequilateral, the ventral margin is nearly straight, the posterior 
margin is more oblique, and the posterior area is relatively smaller. It is much 
more inequilateral than G. regulaiisj d'Orbigny.^ C. divisiensis also resembles 
some of the varieties of C. macrodonta (Sowerby)^ from Gosau. 

DistHbution. — Upper Greensand (zone of Schlcenhachia rostratn) of Devizes. 
An imperfect specimen from Warminster (zone of Pecten asper) probably belongs 
to this species. 



Crassatellites vindinnensis {d'Orbigny)j 1844. Plate XIX, figs. 2, 3. 

1844. Cbassatblla vindinnensis, A. d'Orhiguy. Pal. Fran^. Terr. Cret., vol. iii, 

p. 79, pi. cclxvi, figs. 1—3. 
1850. — vENDiNNENSis, d'Orhiguy, Prodr. de Pal., vol. ii, p. 160. 

1867. — VINDINNENSIS,^. Guerangei'. Album Paleont. de la Sarthe, 

p. 13, pi. xvi, figs. 9, 10. 
? 1868. — — C, W, Gilmhel Geogn. Beschreib. Konigreichs 

Bayern, vol. ii, p. 766. 
1871. — — F. Stoliczka. Palaeont. Indica, Cret. Fauna S. 

India, vol. iii, p. 294. 

Description. — Shell subqiiadrate, but trigonal without the posterior area, very 
inequilateral, convex, with rounded carina. Anterior margin rounded, passing 
gradually into the slightly curved ventral margin ; posterior margin oblique, some- 
what sinuous ; postero-dorsal margin nearly straight, forming an obtuse angle with 
the posterior margin. Lunule elongate, deep. Umbones prominent, incurved. 
Posterior area of moderate size, divided by a median rib into two parts, of which 
the anterior is concave. 

Ornamentation consists of strong, regular, concentric ribs, separated by narrow 
furrows. On the posterior area the ribs become very narrow and more or less 
lamellar, and the interspaces are broad and flat. 

Measurements : 

(1) (2) 

Length . . . 31 . . 30 mm. 
Height . . . 26 . . 26 „ 

(1, 2) Dunscombe. 

Affinities. — This species is related to G. Urjeinensls, d'Orbigny,^ and G. Gueran- 

1 Op. dt.y p. 80, pi. cclxvi, figs. 4 — 7. 

3 Zittel, "Bivalv. d. Gosaugeb.** (*Denkschr. d. k. Akad. Wien, Math.-Nat. Cl.,' vol. xxv, pt. 2, 
1866), p. 15©, pi. viii, figs. 2, 3. 

» • Pal. Fran9. Terr. Cret.,' vol. iii (1844), p. 77, pi. cclxv, figs. 3—5 ; Gueranger, * Album Paleont. 
de la Sarthe ' (1867), p. 13, pi. xvi, fig. 12. 

17 
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(jcrly d'Orbigny,^ but the posterior margin is more oblique and the posterior area 
relatively smaller. 

Remarks. — The lamellar ribs on the posterior area are not mentioned by 
d'Orbigny, but attention is called to them by Gu^ranger. 

I have seen only five specimens, which were collected by the late C. J. A. Mej'er, 
and are now in the Sedgwick Museum, Cambridge. 

G, vhidinncnsls is the type of Conrad's^ genus Pachijthadms. 

Tt/pcii. — From the Cenomnnian of Rouen and Le Mans. 

Bhtrihutioii. — Cenomanian (Meyer's Beds 10 and 12) of Dunscombe, Devon. 



Genus — Anthonya, W. M. Gabby 1864. 
(* Geul. Surv. California, Palceont.,' vol. i, p. 181, pi. xxx, fig. 236.) 

Anthonya tantiana, sp. nov. Plate XIX, figs. 4, 5. 

Dcscrijdion. — Shell elongate, tapering posteriorly, very inecjuilateral, much 
compressed. Anterior margin slightly convex. Ventral margin long, moderately 
convex. Posterior margin short, truncate, forming angles with the ventral and 
dorsal margins. Postero-dorsal margin concave. Umbones acute, near the anterior 
end. A faint carina ptisses from the umbo to the postero-ventral angle and cuts 
olT a flattened or slightly concave postero-dorsal area. 

Ornamentation consists of numerous narrow, regular, concentric ribs over the 
whole surface of the shell. The ribs are separated by furrows of greater width 
than themselves. 

MeasarcmentH : 

(1) (2) 

Length ... 34 .. 27 mm. 
Height . . . 27 . . 14 „ 
(1, 2) Folkestoue Beds, near Copt Point. 

A()iuitirs, — This species is distinguished from A. Gornneliana (d'Orbigny)^ by 
the shorter anterior part of the shell, the smaller apical angle, and by the ribs, 
which are of e(pial or nearly equal strength over the whole surface. It is less 
elongate and has a smaller apical angle than the type species A. cidtrlfoimisj Gabb. 

^ Oj). cit., p. 70, pi. cclxv, figs. 1, 2 ; Gucranger, op. cit., p. 13, pi. xvi, fig. 11. 

2 * Amer. Journ. Couch.,' vol. v (1869), p. 47. 

^ *Pal. Frau9. Terr. Cn't.,* vol. iii (1844), p. 74, pi. cclxiv, figs. 7 — 9 ; referred to Ptychomya by 
Pictet and Caiupiclie, * Terr. Cret. Ste. Croix' (* Mater. Pal. Suisse,' ser. 4, 1866), p. 357; E. G. Skeat 
and V. Madsen, ** Jur. Neoc. and Gault Boulders in Denmark " (* Danmarks geol. Undersog.,' vol. ii, 
No. 8, 1898), p. 178, pi. vi, fig. 13. 
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Remarks. — Only two specimens have been seen, both of which were collected 
by Mr. H. Keeping, and are now in the Sedgwick Museum, Cambridge. 
Distribution. — Folkestone Beds, near Copt Point, Folkestone. 



Anthonya, sp. Plate XIX, fig. 6. 

Description. — Shell elongate, tapering posteriorly, very inequilateral, greatly 
compressed. Anterior margin convex, rounded, passing gradually into the slightly 
curved ventral margin. Posterior margin short, truncate, forming angles with the 
ventral and dorsal margins. Postero-dorsal margin long, slightly concave. Umbones 
sharp, anterior. Carina indistinct. Postero-dorsal area narrow. Surface of shell 
smooth, except for growth-lines, which are rather more distinct near the anterior 
margin than elsewhere. 

Length, 38 mm. Height, 15 mm. 

Affinities. — This species appears to be closely jiUied to A. Cornudiana (d'Orbigny),^ 
but does not possess the concentric ribs near the anterior margin. It differs from 
A. cantianaj sp. nov., in the greater length of the anterior part of the shell, the 
greater curvature of the anterior margin, the larger apical angle, and the absence 
of concentric ribs. 

Remarks. — A left valve is the only specimen seen. 

Distribution. — Lower Greensand (Crackers) of Ather field. 



Family— GYFRINIDJE, Lamarck. 

Genus — Cyprina, Lamarck^ 1818. 
(* Anim. sans Vert./ vol. v^ p. 566) 

Cypkina Saussuki (Brongniart), 1821. Plate XIX, figs. 7 — 13. 

1821. DoNACiTES Saussuei, a, Brongniart, Ann. des Mines, vol. vi, p. 555, pi. 

vii, fig. 5 (non Venvs Saussurii, 
Goldfuss, 1840). 
1854. Mactba saussuei, E. Renevier. Mem. geol. sur la Perte-du-Rhone, p. 24. 
1856. Cypeina Saussuei, F. J. Pictet and E. Renevier. Foss. Terr. Aptien 

(Mater. Pal. Suisse, 
ser. 1), p. 73, pi. 
viii, figs. 1 — 2. 



^ For references see p. 130, footnote 3. 
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1866. Ctprina Saubsubi, F. /. Pidet and Q. Campiche. Poss. Terr. Cret. Ste. 

Croix (MaU-r. Pal. 
Suisse, ser. 4), p. 
220. 
— — — H. Coquand, Mon. Aptien de I'Espagne, p. 113. 

Description. — Shell usually of small or moderate size, sub-triangular, rounded, 
often eyreniforni, convex, more or less considerably inequilateral. Limular margin 
of moderate length, concave. Anterior margin regularly rounded, passing gradu- 
ally into the convex ventral margin. Posterior margin short, often more or less 
rounded, sometimes truncate, forming an angle with the ventral margin, and not 
sharply limited from the long postero-dorsal margin. Umbones prominent, broad. 
Carina rounded, sometimes rather indistinct. Postero-dorsal area narrow. 
Lunular region deep, indistinctly limited. Escutcheon elongate, bounded by an 
inconspicuous carina. Hinge not seen. Ornamentation consists of growth-lines 
and numerous minute radial ribs. 



Measurements : 










(1) 


(2) (3) (4) (6) (6) (7) (8) 


(») 


Length . 


52 


49 40 38-5 38 33 26 25-5 


24 mm. 


Height . 


40 


40 31 33 31 27 21 21-5 


19 „ 


Thickness 


34 


31 27 26 20 16 
(1, 2) Pema-heA, Atherfield. 
(3—9) Crackers, Atherfield. 


14 „ 



Afliuitics. — This species is related to G. cuneata (see p. 134), but the outline of 
the shell is less distinctly triangular, the sides are less flattened, the ventral margin 
is more convex, the umbones are broader and not so high, the lunular margin is 
not so long, and the carina is less distinct. 

ItcDK tries. — The relative height and length of the shell, and consequently the 
outline, vary considerably. 

Much larger and more globose specimens (Plate XIX, fig. 13) in which the 
carina is indistinct, are associated with the normal forms of G. Saussurij but are 
less abundant. At first sight, especially when the shell is not quite perfect, these 
appear to be distinct from G. S(inssiu% but after comparing a number of speci- 
mens I am led to the conclusion that they are only old individuals which have 
attained a large size. 

Examples of G. Snussuri from Atherfield were identified by Pictet and 
Campiche, but, hitherto, no record of the species appears to have been made by 
any English writer. 

Tj/jye. — From the Aptian of the Perte-du-Rlione. 

Distnbuiian. — Lower Greensand (Perna-hed and Crackers) of Atherfield. 
Atherfield Beds of Haslemere and Redhill. 



PLATE XII. 
Gervillia (rotitinned). 

1 — ."). fi. F'nhrsvnin^ cVOrb. Gault, Folkestone. (P. 85,) 

1. Soljarwick Museum. Left ralve, x |. 

1. British Museum, No. L 4918. Left valve. 

3. SeJijwick Museum. Right valve. 

4. ,. Left valve. 

•'>. ., Hinge of right valve, x IJ. 

(rnnt.^ — Pern'a, BriKjuihrf, 

♦; -*.». V. TiniiUuinnn, (VOrb. Gault, Folkestone. (P. 92.) 

(>. Se<lgwick Museum. Left valve. 

7. „ „ rt, riglit valve ; 6, anterior view. 

8. Museum of Practical Geology, No. 1()05. Left valve. 
!♦ .. .. .. No. 12638. Left valve. 

1<». /\ sj). Gault, Folkestone. Sedsrwick Museum. Left valve. (P. 94.) 

(fPti((.^ — PiNXA, Liun^rus. 

11 -IT). I\ liiihinnhUnn, d'Orb. Lower Greensand. (P. 96.) 

11. Islo of Wight. Bristol MuscMim. Right valve. 

12. Crioreras l^»(3s, Athcrfiold. British Museum, No. 48626. Portion of dorsal 

half of loft valv«'. x 3. 

13. P^r/?<i-l)0(l, Atherfiehl. Se<lgwick Museum. Ventral part of left valve. 

1 i. CrarktTS, Atherfiold. Museum of the Geoloj»ical Society, No. 2100. Right valve. 
15. P/'r/m-lK»<l, Athorfield. Se<lgwick Mus*»um. Tioft valve. 
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PLATE XIII. 
PlXNA (continued). 

Fl«8. 

1. r. liohinahUmty d'Orb. Lower Greensaiid, Isle of Wight. Museum of 
Practical Geology, No. 12636. Ventral part of right valve. (P. 96.) 

i2, :J. r. sp. Gault, Folkestone. 2. Sedgwick Museum; left valve. 3. Museum 
of Practical Geology, No. 1 2641 ; portion of dorsal part of left valve, 
X 6. (P. 09.) 

M). r. decnsmtii, Goldf. Chalk. (P. 99.) 

4. Newiinibcr (Sussex). Brighton Museum, a, right valve; 6, dorsal view of 

both valves ; c, dorsal i>art of right valve, x 3. 

5. Holaster planus zoue, Balsham. Sedgwick Museum. Left valve. 

6. Trimiugham. Norwich Museum. Part of right valve. 
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PLATE XIV. 

Pinna (continued). 

FIGS. 

1. P. dccussatii, Goldf. Right valve. Zone of Belemaitella mucronatdy 
Xorwicli. Norwich Museum. This specimen is the type of P. 
sulcnht, Woochv. (P. 101.) 

(Tenus — AsTARTE, Sowerhij. 

2, •]. A. ehiuqata, cVOrb. Lower Greensand. Seend. Museum of Practical 
Geology, Nos. VM7iS, 13181. (P. 102.) 
2 a, right valve ; 2 ft, dorsal view. 

3. Internal cast of right valve. 

t-0. A. suhdcnta, d'Orb. Lower Greensand {Ferna-hed), East Shalford. 
Sedgwick Museum. (P. 103.) 

4. Right valve. 

5. Internal mould of right valve, x 1-J. 

6. Portion of left valve. 

7-\l A. siinuita, d'Orb. liower Greensand (Crackers), Athertield. Sedgwick 
Muscnim. (P. 104.) 

7. Left valve, x IJ. 

8. Part of left valve. 

J^ (I, right valve ; 6, dorsal view, x IJ. 

10-12. .1. npu'dreihsis, Woods. Lower Greensand, Upware. (P. 105.) 

10. Se^lgwick Museum. Specimen figured by W. Keeping, a, right valve; 6, 

anterior view ; r, portion near the middle of the valve, x 3. 

11. Sedgwick Museum, a, left valve ; 6, dorsal view. 

12. Mr. J. F. Walker's Collection. Hinge of right valve, x IJ. 

1:5 i20. A, sniccta, Wooih. 13-1(). Speeton Clay, Speeton. 17-20. Claxby Iron- 
stone, Benniworth Haven. Sedgwick Museum, except fig. 16 — 
York Museum. (P. 106.) 

1 3. Left valve. 

14. Right valve. 

15 a, left valve ; h, dorsal view. 
1(5-18. Left valves. 
11), 20. Int43rior8 of left and right valves. 

'21. A. sp. Speeton Clay, Si)eeton. Sedgwick Museum. </, right valve ; 
/>, median part, x 5. (P. 107.) 

2:2-21. A. ranfa1)rujifuisvi, Woods. Lower Greensand, Upware. Sedgwick 
Museum'. (P. 107.) 

22 a, right valve ; 6, dorsal view. 

23 a, right valve ; h, anterior view. 
24. Left valve. 

20-28. A. cln^vhitmsis, Woods. 25. Spilsby Sandstone, Spilsby. 20-28. Claxby 
Ironstone, Henniworth Haven Sedgwick Museum, except fig. 27 — 
York Museum. (P. 108.) 
25 a, left valve ; h, interior ; c, dorsal view. 
2(5, 27. Left valves, x 1^. 

28 a, right valve ; ft, dorsal view. 

21)-:3G. A, .suhcostata, d'Orb. 29-35. Athcrfield Beds. (P. 109.) 

29. Peasmarsh. Museum of the Geological Society, No. 2181. a, right valve, x 2; 
fe, part near the middle of the ventral margin, x 6. 
30-35. Sevenoaks. British Museum, No. L 9284. 30, 31, 32, 35, right valves, x 2. 
34, right valve, nat. size. 33, left valve, x 2. 
3(3. Per/wi- bed. East Shalford. Sedgwick Museum. Left valve, x IJ. 
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PLATE XV. 

AsTAKTK {nmt'nwril). 

1,2. /I. suhrosffifa, d'Orb., var. Lower Greensand (Crackers), Atlierfielcl. 
Sedgwick Museum. (P. 110.) 

1 a, rii^ht valve, x IJ ; 6, anterior view, x 1^. 
2n, rij^lit valv<', x IJ ; 6, dorsal view, x IJ. 

:?, 1'. J., sj). Folkestone Heds, Folkestone. 8, right valve; 4, left valve. 
S(»(lf(\viek Museum. (P. 111.) 

^} 7. A. Onidlinidi'H^ Woods, (iault, Folke.stone. British Museum, No. L 4958. 
:>, 7, l(»n valv(»s; (>, rif(ht valve. X 2. (P. 111.) 

H \:\. A, firnfKfSff, Sow. Upj)(»r Greensand, Blackdown. Sedgwick Museum. 
All X :{. (I\ 112.) 

H. FiJ'ft valvi'. 
li ^f, h'ft valv«* ; //, int<Tior. 
\i)a, ri^lit valv<» ; /;, dorHii vi<»w ; r, anterior view. 

11. L<*ft valve. 

12. Int^'rior of ri^ht valve, 
i:^ Ri^dit valv<'. 

1 1". A. inijKtHhi, Sow. lIj)j)(T Gn^ensand, Blackdown. The Type. Bristol 
Mnseum. Ri^lit valve. (P. 11:?.) 

T) Is. A, (l^lriphf/hi) nh(n'(iffi, Sow. Low(»r (Jn^eiisand (/Vr?//f-l)ed). Sedgi;\'ick 
Museum. (P. 11:].) 

15. Atherfiold. Ki^^ht valvo. 

1(J. Sandown. Ri^lit valve. 

17. Atliorfield. rf, left valve ; />, dorsal view. 

IH. Sandown. a, li^ht valve ; />, hinjL^^e. 
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PLATE XVI. 

AsTARTE {continued). 

FIGS. 

1-3. A. {PJrlphyla) ohovnta, Sow. (P. 113.) 

1 . Pema-hcd, Atherfiold. Left valve. Sedgwick Museum. 

2. Perna-bcd, Sandown. Left valve. Sedgwick Muacum. 

3. Upper Oieensand, Blackdown. Hinge of left viilve. Museum of Practical 

G<K)logy, No. 13184. 

4. ? Variety of A. {Erijthyla) ohovatn^ Sow. Peima-heA^ Sandown. York 
Museum. Left valve. 

5-7. A, {Eriphi/la) lierh (Phill.). Claxby Ironstone, Benniworth Haven. 
Sedpfwick Museum. (P. 115.) 

5 n, loft valve ; h, interior ; c, dorsal view. 

() a. Mi valve ; ft, anterior vit»w. 

7 a, rij^ht valve ; ?>, part of inner margin 
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PLATE XVIL 
AsTAKTE {continued). 

1. .1. (Hnj»hiflii)hvn.< (PhilL). Claxby Ironstone, Benniworth Haven. Left 
valve. York Mii;>eum. (P. 115.) 

J-7. J. {Eripht/la) striata. Sow. Upper Greensand, Blackdowu. (P. 116.) 

2. British Museum. No. L 587. «i. right valve; 6, interior of the same; c, dorsal 

view, 
o SediTwick Mu^um. luterior of left valve (the teeth are drawn in part from a 

s|Kvimon in the Museum of Practical Oeologj, No. 13187). 
4. British Museum, No. L 17076. Right valve. 
«%. Bristol Museum. No. 536. Right valve. 

6. Musinim of Practical GeoK>gv. No. 13188. Right valve. 

7. Bristol Museum. The Tvpe of Atiarte coHcinna, Sow. Left valve. 

Genus — Oris, Dcfrance, 

S-PJ. (). Hcoi'omirn.^isy d'Orb. Lower Greensand, Upware. (P. 118.) 

8. Seilgwick Museum, ti, right valve ; h, anterior view of both valves ; c, posterior 

view. 
i>. Seilgwick Museum, a, left valve ; 6, posterior view. 

10. Seilgwick Museum, d, right valve; h, anterior view. 

11. Mr. J. F. Walkers Collection. «, right valve; 6, anterior view ; c, posterior 

view. 

12. Mr. Walker*8 Collection. Interior of right valve. 

]:>, It. 0. sp. Upper Greensand, Haldon. Britisli Musenm, No. L 17144. 
(P. 120.) 

13 a, left valve ; 6, interior ; c, anterior view. 

14 a, left valve ; 6, posterior view ; c, dorsal view. 



PLATE XVIII. 
Ofis {continued). 

Figs. 

1. ()/fis luilflourasis, Woods. Upper Groensaud, Haldon. British Museum, 
Xo. L 17143. a, exterior ; /;, interior of right valve ; t\ posterior view 
of the same; </, anterior view. (P. 119.) 

Gen us — CAKDrrA, Bnujuiere. 

2-1. <\ ^ ft'ueslrahi (Forbes). Lower Greensand (/Vnici-bed), Atherfield. 
(P. 121.) 

2. Museum of Practical Geology, No. 14360. a, left valve ; 6, dorsal view, x 1 J ; 

c, median part of left valre, x 4. 

3. Sedgwick Museum. Right valve, x IJ. 

4. Sedgwick Museuiu. <i, left valve; 6, anterior view. 

o. C. fiptcarenfiis^ Woods. Lower Greensand, Upware. Sedgwick Museuiu. 
//, right valve ; />, dorsal view ; c, anterior view ; //, part near the 
middle of the right valve, X 4. (P. 122.) 

(i. ^'. sp. Lower Greensand (renia-hed), Atherfield. Sedgwick Museum. 
a, left valve; b, dorsal view; c, part near the middle of left valve, 
X 5. (P. 123.) 

7-1 t. (\ feualcosta (Sow.). Gault, Folkestone. 7-13. Sedgwick Museum. 
Ik British Museum, No. 48135. (P. 124.) 

7. Left valve, x IL 

8 (T, left valve ; h, anterior view. 

9. Right valve. 

10 a, left valve ; 6, dorsal view ; c, part near the mid-ventnil border, x (>. 

11 a, right Viilve, x IJ ; h, dorsal view, x H ; c, part near the miJdle of the right 

valve, X 6. 

12. Left valve, x 2. 

13. lufiat-ed variety. (», right valve ; h, dorsal view. 

14. Short and much inflate*! variety, a, right valve ; 5, dorsal view. 

lo, IC). r\ Cofhildiiia, d'Orb. Chloritic Marl. (P. 12().) 

15. Toller Fratrum. Museum of Practical Geology, No. 14348. Right valve. 
IG. Chard. Oxford Museum. <(. left valve; ?>, dorsal view. 

17,18. C. caitcrllata, Woods. Chalk Rock, Cuckhamsley. Sedgwick Museum. 
(P. 127.) 

17 a, wax cust of right valve, x IJ ; h, ornamentation near the middle of the 

right valve, x 5. 
18. Natural internal cast, a, left valve; h, anterior view. 
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PLATE XIX. 

( lr)i us — Crassatrllites, Kriiger. 

I . (\ ilirmetn^ia, WckkIs. Upper Greonsand, Devizes. Museum of Practical 
(loolojry, No. lUrrKK rr, loft valve; h, dorsal view. (P. 128.) 

J, :>. (\ riiiifiiniensis ((VOrb.). Cenomanian (Mej'er's Bed, 10), Dunscombe. 
Sodsrwick Museum. (P. 12i>.) 

2ii. loft vaUo ; ft, tiorsal view; r. omamentation near the middle of the valv<», 

X 4 ; f/, ornaiiiontation on the |Kiatorior area, x 4. 
i> Kiijbt valvtv 

(nnni.s^ — AXTHOXVA, Gahh. 

1, r>. .1. riniflfum, Wo^nls. Folkestone Beds, Folkestone. Sedgwick Museum. 
Hiiifht valvi^s. T) A, part near the mid-ventral border, X 5. (P. 130.) 

<*». I. sp. Lower (In^tMisand (Craekers), Atherfield. Seilgwick Museum. 
Lefl valvo. [W \;\].) 

fit*nn,< — rvriMXA, Lnmnrck. 

f" 1:1. (\ Siiiissnrl ^Hroniifn.V Lower (Jreensand ((^mckers), Atherfield (except 
li'r. r, /'f'r//ir-hed). Si^lnfwiek Museum, excejit fig. 13, (P. 131.) 

7. Irt^fl vulvtv 

H ff, K»fl vnlvi*; ft, tlorsal viow. 
1». 10. \hU valvoH 

II tr. )\)i\\i vnlvr; ft, (lorsal viow. 
IVJ l.«'rt vnlvo. 

III MriliMh MuMtMun. No. L rAVi. L:^r^^» form. «i. loft valve: ft, dorsal view. 

I I'. (\ N*i/|//r/i7./ (^Walker). liOW^M* (iiv^ensand, I'pware. Sedgwick Museum. 
Lrfi \'i\\\i\ (l\ 1:5:5.) 
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LICHAS (CORYDOCEPHALUS) GEIKIEI. 97 

inner convex portion and a flattened border widening towards the obtusely 
pointed (?) genal angle. The facial suture is not clearly seen, but appears to cut 
the posterior margin about halfway out between the axial furrow and the genal 
angle. The neck-segment behind the glabella is broad in the middle and arched 
forwards, bending back strongly and decreasing in width behind the occipital lobes. 
Behind the cheeks it widens and forms a strong rounded ring. The neck-furrow 
is deep and well marked. 

The thorax consists of eleven segments, and is as long as the head ; the axis is 
broad, convex, and tapering gradually to the pygidium, and is as wide as the pleural 
portions. The axial rings are rather narrow, and arched forwards. The pleurae 
are strongly bent downwards outside the feeble fulcrum; the inner portion is 
nearly horizontal. Each pleura is narrow, with a sub-median, slightly diagonal 
furrow dividing it into a rounded anterior and a posterior portion ; the posterior 
portion is rather the larger and bears a row of 3 — 4 tubercles like the neck- 
segment. 

The pygidium is imperfectly known (Nicholson and Etheridge's figure is very 
poor), but it apparently resembles L. wesenbergensiSi Schm.,^ and its alhes. There 
is an imperfect cast of a pygidium from the Starfish Bed in Mrs. Gray's collection 
which most probably belongs to this species, judging from the type specimen. Its 
characters are the following : Shape sub-quadrate, as long as wide. Axis convex, 
conical, about half the length of pygidium, bearing three complete rings at anterior 
end, followed by 3 — 4 incomplete rings with the transverse furrows obsolete at 
the sides. Each ring bears a single row of 2 — 4 tubercles, A narrow post-axial 
ridge runs to a median notch in posterior margin. Lateral lobes sKghtly arched, 
consisting of three pairs of pleuras. The first two pairs lanceolate, subequal, and 
curved backwards with free pointed extremities and median pleural furrow. Third 
pair of pleurae short, broad, expanding towards posterior pygidial margin, without 
pleural furrow. Extremities not preserved, but separated by median notch in 
margin. The extremities of the first and second pair of pleurae extend back as far 
as the posterior margin of the pygidium. 

The ornamentation of the whole pygidium consists of granulations with small 
scattered tubercles. A single row of 4 — 5 larger tubercles marks the posterior 
half of both the first and the second pleurae. 

Remarks. — The type specimen from Drummuck figured by Nicholson and 
Etheridge {op. cit.) left something to be desired in its state of preservation ; and 
therefore the above detailed description has been given on the strength of a 
better preserved and nearly perfect example consisting of a good head-shield with 
ten thoracic segments attached to it. 

Affinities. — By the lobation of the glabella, and position and development of 

1 Schmidt, ' Rev. Ostbalt. Silur. Trilob./ pt. ii (1885), p. 44, pi. vi, figs. I—i. 

13 



98 TRILOBITBS OF GIRVAN- 

the furrows of the head-shield, this species bears a considerable resemblance to 
L. Wf'senhrr(jeuf<isy Schmidt. The pygidium also is of the same type, though 
differing in minor details. We may consider them as closely allied forms. 

Collections. — Mrs. Gray ; Edinburgh Museum (f. M.). 

Horizon and Localities. — Dmmmuck Group (U. Bala): Drummuck; Starfish 
Bed, Thraive Glen. 



3. Lichas (Corydoccphalus) scutalis, Salter, 1873. Plate XIV, figs. 3, 4. 

1873. Lichas scutalis, Salter, MS., Cat. Camb. Silur. Fobs. Woodw. Mus., p. 130. 

1877. Lichas verrucosus. Woodward, Cat. Brit. Foss. Crust., p. 43. 

1878. Lichas scutalis, Edgell, MS., Cat. Camb. SQur. Foss. Mus. Pract. Geol., p. 84. 
1891. Lichas verrucosus. Woods, Cat. Type Foss. Woodw. Mus., p. 147. 

1899. Lichas amhigua (Barrande), Mem. Geo\. Surv., Silur. Bocks Brit., vol. i, Scotland, pp. 532, 689. 

1901. Lichas scutalis, Beed, Geol. Mag. [4], vol. viii, p. 5, pi. i, figs. 1 — 4. 

1902. Lichas (Corydocephalus) scutalis, Beed, Quart. Joum. Geol. Soc., vol. Iviii, pp. 71, 82. 

The species L. ticntalis is represented from the Lower and Middle Llandovery 
Beds of Girvan l:)y pygidia and head-shields. The pygidia agree essentially with 
the type from the Wenlock of Dudley/ except in having the axis rather shorter 
and, consequently, the triangular post-axial piece and ridge rather longer; the 
forked ])osterior points of the margin are also rather more elongate and acute. 
But these are trifling differences, perhaps pointing to a local variety. The 
head-shields show all the typical features. These specimens were recorded in the 
Survey Memoir^ as " L. amhigua^ Barrande." 

Collection. — Mrs. Gray. 

Hon::on,s and Localities. — Mulloch Hill Group (L. Llandovery) : MuUoch Hill ; 
Craigens. Saugh Hill Group (M. Llandovery) : Newlands ; Woodland Point. 

4. Lichas (Corydocephalus) wesenbergensis, Schmidt, 1885. Var. ? Plate XIV, 
fig. 2. 

1857. Lichas laticeps, Nieszkowski {jion Angelin), Mon. Trilob. Ostseeprov. in Archiv. Liv. Est. 
Kurlands, ser. 1, vol. i, p. 577, pi. vi, fig. 20 (e.p.). 

1858. Lichas sexpunctatus, Hoffmann, Sfimmt. Trilob. Russl. (Verb. Miner. G^sell., Jahrg. 1857-58), 
p. 24. pi. i, figs. 4—8 (?). 

1885. Lichas (Arges) wesenhergensis, Scbmidt, Rev. Ostbalt. Silur. Trilob., pt. ii, p. 44, pi. vi, 
figs. 1 — 4. 

1901. Lichas {Hemiarges) wesenhergensis, Q-iirich, Neues Jahrb. f. Min., Beil. Bd. xiv, p 526. 

1902. Lichas wesenhergensis. Reed, Quart. Joum. Q-eol. Soc, vol. Iviii, p. 71. 



1 Reed, * Geol. Mag.* [4], vol. viii (1901), p. 5, pi. i, figs. 1—4. 

2* Mem. Geol. Surv., Silur. Rocks Brit.,' vol. i, Scotland (1899), Appendix, p. 689. 
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Specific Characters. — Pygidium transversely subquadrate, nearly twice as 
broad as long. Axis short, broad, convex, rather more than half the length of the 
pygidium, and occupying the middle third of its width, scarcely tapering at all 
posteriorly, abruptly truncated, and connected with posterior margin by narrow, 
low, straight, post-axial ridge (as in typical members of the section Gorydo- 
cephahts). Two axial rings appear to be present at the front end of the axis, but 
this part is not well preserved. Lateral lobes bent down, consisting of three pairs 
of pleurse. First two pairs of pleurae subequal, lanceolate, strongly bent back 
beyond the approximate fulcrum, and produced into free points beyond margin. 
The points of the second pair extend beyond the posterior end of the pygidium. 
Each of the two first pairs of pleurae is marked with a submedian pleural furrow. 
Third pair of pleurae very short and broad, without pleural furrows ; separated in 
middle by post-axial ridge and deep narrow notch in pygidial margin. Each 
pleura of the third pair ends on the margin with two points. Ornamentation not 
preserved. 

Remarks. — This peculiar little pygidium, of which I have only seen the one 
example here figured, agrees with L. ivesenhergensis^ Schmidt,^ in its general 
characters, and especially in the double-pointed third pleurae. It differs in its 
more transverse shape, the stronger backward curvature of the two first pairs of 
pleurae, and in the prolongation of the second pair behind the posterior margin. 
From L. geikiei it differs in the shape of the axis, the greater width of the 
pygidium, and the prolongation of the second pair of pleurae ; and it comes from 
a different stratigraphical horizon. A supposed variety of L. wesenbergensis has 
been described by Clarke* as var. paulianus from the Trenton Limestone of 
Minnesota, but the small pygidium figured by him differs more than ours does 
from the typical Russian examples of the species. 

Collection. — Woodwardian [Sedgwick] Museum. 

Horizon and Locality. — Balclatchie Group (Llandeilo) : Dow Hill. 



6. Lichas (Platylichas) grayi, Fletcher, 1850. 

1848. LichiM, sp. ind., Salter, Mem. Geol. Surv., vol. ii, pt. i, p. 340, pi. viii, ^g. 8. 

1850. Liehaa grayii, Fletcher, Quart. Joum. Geol. Soc, vol. vi, p. 237, pi. xxvii, ^g. 8 ; pi. xxvii 

his, figs. 3, 3a, 3&. 
1854. Lichas grayii, Morris, Cat. Brit. Foss., 2nd ed., p. 110. 



1 Schmidt, ' Rev. Ostbalt. Silur. Trilob.,' pt. ii, pi. vi, fig. 2. 

2 Clarke, 'Lower Silur. Trilob. Minnesota, p. 744, figs. 62—64 (Final Eep. Geol. Nat. Hist. Surv. 
Minnes., vol. iii, 1894). 
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1885. Lichas grayi, Lindstrom, Forteckn. Gk)tl. Silur. Crust. (Ofv. k. vet. Akad. Forhandl., No. 6), 

p. 60. 
1902. Lichas ( ? Plaiylichas) grayi, Beed, Quart. Joum. Qeol. Soc., vol. Iviii, p. 72. 

Var. nov. scoticus. Plate XIV, figs. 5 — 10. 

? 1854. Lichas rotundifrons, Angelin, Pal. Scand., p. 70, pi. xxxvi, figs. 7, 7a, 76. 
1873. Lichas buJhiceps?, Salter, Cat. Camb. Silur. Foss. Woodw. Mus., p. 77. 
1878. Lichas grayii?, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 134, pi. ii, 

figs. 11, 12. 
1878. Lichas harrandei?, Nicholson and Etheridge, ibid., p. 132, pi. ix, fig. 8. 

Remarks. — In addition to the single head-shield from Mnlloch Hill figured by 
Nicholson and Etheridge (oj). cit.) as doubtfully belonging to L. graylj Fletcher, 
there are several others from the same locality, and one from Craigens, which 
enable us to describe the characters of this form more in detail. A large fragment 
of a glabella from Camregan Wood, also in Mrs. Gray's collection, probably belongs 
to it ; and the specimen in the Woodwardian [Sedgwick] Museimi from Mulloch, 
called by Salter {op. cit.) " L. hdhicejys^ Phillips ? " appears to be a crushed head- 
shield of the same species. 

The Mulloch Hill and Craigens specimens differ from the typical L. grayi of 
the English Wenlock by (1) the strong deflection of the anterior portion of the 
head-shield ; (2) the shorter central lobe of the glabella, and its more rapid and 
greater expansion in front, so as to overlap the bicomposite lobes to a greater 
extent; (3) the broader and more oval shape of the bicomposite lobes, their relative 
shortness and stronger convergence posteriorly ; (4) the narrowness of the neck of 
the central lobe ; (5) the stronger convergence posteriorly of the axial furrows ; 
and (6) the generally greater convexity of the head-shield. 

In other respects this Scottish form has the closest resemblance to the English 
Wenlock species, and it does not seem possible to regard it as more than a distinct 
variety which may be appropriately termed scoticus. L. rotundifrons, Angelin,^ 
from the equivalent of the Wenlock Shales of Scotland, may prove to be identical 
with this Girvan form, as it seems to differ from the typical L. grayi in much the 
same way. Lindstrom ^ considered L. rotinidifroiis^ Aug., to be identical with 
L. grayij Fletcher, but this is very doubtful. 

In addition to the above head-shields there are certain pygidia, also from Mulloch 
Hill and Craigens, which most probably ought to be referred to the same variety 
on the strength of their resemblance to L. viargantifer^ Nieszk., which is the type* 
of the group of Lichas to which L. grayi may now be referred with certainty from 

1 Angelin, *Pal. Scand.,' p. 70, pi. xxxvi, figs. 7. 7a, 7h. 

8 Lindstrom, * Forteckn. Gotl. Silur. Crust.* (Ofv. k. vet. Akad. Forhandl., No. 6), 1885, p. 60. 

5 Reed, * Quart. Journ. Geol. Soc.,* vol. Iviii (1902), p. 72, figs. 3 a, h. 
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our knowledge of the critical characters of the head-shield. One from MuUoch 
Hill (now in the Museum of Practical Geology) was figured by Nicholson and 
Etheridge {op. cit.) as L. bairandei ?, but it differs from that species in several 
important particulars, as the following description shows : 

Pygidium parabolic, wider than long. Axis subcylindrical, convex, less than 
one third the width of the pygidium, and about half its length ; extremity rounded, 
undefined. Articulating half-ring present on front end of axis followed by three 
complete well-marked rings and a fourth faintly defined one. Axial furrows straight 
at sides of axis, curving inwards gently at its extremity, produced behind it, and 
near their blind ends again curving outwards, but not reaching posterior margin. 
Post-axial piece flattened, about half the length of pygidium, enclosed for its anterior 
two thirds by the produced axial furrows. Lateral lobes flattened, consisting of three 
pairs of pleurae, each with a pleural furrow, and ending in short free points on the 
margin. First pleura increasing in width to remote fulcrum, beyond which it tapers 
rapidly to short recurved free point. First pleural furrow parallel to first interpleural 
furrow, which makes an angle of about 45° with the front edge. Second pleura 
marked by pleural furrow with second interpleural furrow nearly parallel to it, and 
making an angle of about 60° to front edge of pygidium. Third pleura with short 
median furrow, and only partially marked off from post-axial piece by the incomplete 
produced axial furrows. The third pair of pleurae end in short free points closely 
placed together, giving a characteristic bifurcate appearance to the pygidium. 
All the furrows on the lateral lobes are apparently of equal strength, and the whole 
surface of the pygidium is tuberculate. 

Two hypostomes, one from Kough Neuk, MuUoch, and the other from Wood- 
land Point, in Mrs. Gray's collection, which may belong to L. grayi var. scoticus, 
have the following characters : 

Transversely subquadrate in shape, with gently convex body, nearly twice as 
wide as long, and enclosed by strong furrows. Front of body strongly arched 
forward, sides straight, converging posteriorly at about 60° — 70°, posterior end 
gently arched backward ; sides of body indented at about two-thirds their length 
by deep, short, slightly oblique furrows, expanding at their inner ends and 
leaving a narrow transverse lobe behind them. Border wide, flattened, expanded 
and swollen at sides, and forming a pair of broad, rounded, posterior marginal 
lobes, more than half as long as the body. Posterior notch between them wide 
and shallow. Surface of body ornamented with coarse granulations; surface of 
border marked with faint striae parallel to its outer edge. 

Collections. — Mrs. Gray (f. M.) ; Museum of Practical Geology (f. M.) ; Wood- 
wardian [Sedgwick] Museum. 

Horizons and Localities. — MuUoch HiU Group (L. Llandovery) : MuUoch Hill ; 
Craigens ; ? Bough Neuk. ? Saugh HiU Group (M. Llandovery) : Woodland Point. 
Camregan Group (U. Llandovery) : Camregan Wood. 



V 
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6. Lichas (PlatyUchas) laxatus, M^Coy, 1846. Plate XIV, figs. 11—13. 

1846. Lichas laxaia, M'Coj, Sjnops. Silur. Foss. Ireland, p. 51, pL iv, fig. 9. 

V — Lichas pumila, M*Coj, ibid., p. 52, pi. iv, fig. 8. 

— Calymetie f forcipat<i, M*Coj (e.p.), ibid., p. 48, pi. iv, fig. 14 (tail). 

1848. Lichas laxatus, Salter, Mem. Oeol. Surv., vol. ii, pt. i, p. 340, pi. riii, figs. 4, 5, 6. 

1851. Lichas laxatus, Salter, Quart. Joum. Geol. Soc., vol. vii, p. 172, pi. ix, fig. 5. 

1854. Lichas laxaius, Morris, Cat. Brit. Fobs., 2nd ed., p. 110. 

Lichas sexspinus, Angelin, Pal. Scand., p. 74, pi. xxxviii, figs. 7, 8. 

Lichas aculeatus, Angelin, ibid., p. 75, pi. xxxviii, fig. 11. 

1866. Lichas laxatus, Salter, Mem. Geol. Surv., vol. iii, p. 324, pi. xix, figs. 1 — 3. 

— Lichas segmentatus, Linnarsson, Silur. bildn. i. mell. Vesterg., p. 18, pi. xi, ^g, 4 

1867. Lichas laxatus, Murchison, Siluria, 4tli ed., p. 204, foss. 46, fig. 5. 
1869. Lichas laxatus, Linnarsson, Vestergotl. Camb. Silur. Aflagr., p. 66. 
1873. Lichas laxatus, Salter, Cat. Camb. Silur. Foss. Woodw. Mus., p. 50. 
1875. Lichas laxatus, Bailj, Figs. Char. Brit. Foss., p. 40, pi. xiii, figs. 7a, h. 

1877. Lichas laxatus. Woodward, Cat. Brit. Foss. Crust., p. 43. 

1878. Lichas laxatus, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 131. 

— Lichas, sp. ind., Nicholson and Etheridge, ibid., p. 135, pi. ix, figs. 13, 14. 

1884. Lichas laxatus, Tornquist, Siljansom. Trilobitf. (Sver. Geol. IJndersokn., Ser. C, No. 66), p. 31. 

1885. Lichas laxatus, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. ii, p. 125. 
1896. Lichas laxatus, Beed, Quart. Joum. Q^ol. Soc., vol. lii, p. 427. 
1902. Lichas laxatus. Reed, Quart. Journ. Q^ol. Soc., vol. Iviii, pp. 76, 82. 



liemarlcs. — There is an interesting, though imperfect, specimen of this common 
but imperfectly known species in Mrs. Gray's collection from Thraive Glen, 
showing a portion of a head-shield, with the free cheek bearing the eye in a 
remarkably good state of preservation, and ten segments of the thorax attached. 
The minute structure of the eye of this species does not appear to have been pre- 
viously described. In this example the large semicircular prominent eye-lobe is 
bent slightly upwards, has a broad swollen margin, and is marked off from the 
small fixed cheek by a wide but shallow groove. The eye itself is lunate, very 
large, with a high vertical lens-bearing surface, like PhacopSj slightly higher at 
the anterior than the posterior end, and with a narrow furrow round its base. The 
lenses are hexagonal, very minute, closely packed and arranged in numerous 
vertical rows. Across the middle of the eye there are 40 — 50 lenses in one vertical 
row. So far as the characters can be made out, the eye has the structure of the 
Asaphids, and belongs to Lindstrom's Group I in his classification of trilobites 
according to the structure of the eyes.^ 

In the thorax the axis is cylindrical, gently convex, and hardly tapering at all 
posteriorly. Each axial ring has a rounded articulating band, arched forwards, on 

1 Lindstrom, ' Kongl. Svensk. Vet. Akad. Handl.,' vol. xixiv. No. 8 (1901), pp. 26, 27. 



LICHAS (PLATYLICHAS) LAXATUS. 103 

the front edge. The pleurae are flat, horizontal, and quite straight as far out as 
the fulcrum, which is situated at about two thirds the width of the axis from the 
axial furrow. The extra-fulcral portion of each pleura (well preserved in another 
specimen from the same locality) is gently recurved and tapers to a free point. A 
diagonal furrow crosses the whole pleura, and is continued almost to the free 
extremity. The fulcrum is weak and rounded. The pleurae increase slightly in 
length towairds the pygidivun. The whole surface of the thorax is ornamented with 
small tubercles of two or three different sizes, irregularly distributed. 

In the Thraive Glen specimen which shows the free ends of the pleurae, the 
pygidium is also partially preserved, and the two first pairs of pleurae composing 
the lateral lobes are observed to have the same characters as the thoracic pleurae, 
though their points are rather more strongly recurved. The third pair of pleurae 
has its points almost parallel. The distinct border to the pygidium, shown in 
Salter's figures of the type-specimen, is not present, the marginal free points 
being in uninterrupted continuation of the pleurae, and they are, moreover, of 
greater length than Salter indicates. In another smaller Thraive Glen specimen, 
the axis is well preserved and is seen to possess three well-defined rings, and a 
fourth less clearly marked off. In these features of the axis and of the 
pleurae of the pygidium, the Girvan species agree more closely with Angelin's 
L. sexspinus ^ than with Salter's typical form of L. laxatiiSj but Tornquist * and 
Schmidt' consider L. sexspinics to be a synonym of L. laxatus, though the latter 
author points out these differences. 

In the Thraive Glen specimen which possesses the thorax and pygidium, the 
under surface of part of the head-shield with the hypostome in position is also seen. 
The hypostome is large, subquadrate, with a broad flattened border having a 
shallow rounded notch behind and slightly swollen at the sides of the central body 
and in front of the posterior notch. The body is convex, arched in front, narrowing 
and decreasing in height posteriorly, is strongly marked off from the border 
laterally by wide shallow grooves and posteriorly by a weaker groove arched 
gently forwards. Two short oblique lateral furrows indent the body near its base. 
The anterior swollen part of the body is tuberculated in the same fashion as the 
thorax, but the posterior part behind the lateral furrows is smooth. The border 
has a few strong striae parallel to the margins. 

A fragmentary and poorly preserved cast of a glabella from Ardmillan in 
Mrs. Gray's collection, may also belong to this species. The poorly preserved 
specimen from Drummuck named " LichaSy sp. ind." by Nicholson and Etheridge 
(op. cit.) is certainly attributable to this species. 

1 Angelin, * Pal. Scand.,' p. 74, pi. xxxviii, figs. 7, 8. 

2 Tornquist, * Undersokn. Siljausom. Trilobitf./ p. 31. 
5 Schmidt, ' Rev. Ostbalt. Silur. Trilob.,' pt. ii, p. 125. 
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Collection. — Mrs. Gray (f. M.). 

Horizons and Localities. — Drummuck Group (U. Bala) : Thraive Glen ; Drum- 
muck. ? Balclatchie Group (Llandeilo) : Ardmillan. 



7. Lichas (MetopoUchas) bulbiceps, Phillips (?), 1873, var. Plate XIV, fig. 14. 

1873. Lichaa bulbiceps, Phillips, MS. (?), Cat. Camb. Silur. Foas. Mus. Pract. (Jeol.. p. 39. 
1896. Lichas bulbiceps, Eeed, Quart. Journ. (}eol. Soc., rol. lii, p. 428, pi. xxi, figs. 8, 8 a, 85, 9. 
1902. Lichas (MetopoUchas) bulbiceps, Eeed, Quart. Journ. (}eol. Soc., voL Iviii, pp. 73, 82. 

Remarks. — There is a single cast of a nearly perfect head-shield from the Star- 
fish Bed in Mrs. Gray's collection, which seems to belong to a variety of L. 
hulhicepsy Phillips. It agrees in all its essential characters with this species, but 
the first lateral furrows are connected with the occipital furrow by a strong 
longitudinal furrow running from the base of the bicomposite lateral lobes to the 
inner angle of the occipital lobes. A similar furrow is seen in some examples of 
the allied L. verriccosusy Eichw.^ The second lateral furrows are also well-developed, 
and join the curved ends of the first lateral furrows, so that the bicomposite lobes 
are comj)letely circumscribed by continuous furrows of uniform strength. The 
axial furrows outside the subquadrate fourth (" middle ") lateral lobes are weak, 
and there is a faint arched furrow across the median lobe of the glabella connecting 
the bases of the bicomposite lobes. 

Some of these differences in the furrows may be due to the specimen having 
lost its shell and being in the state of an internal cast, but I do not think they are 
sufficiently important to warrant our considering it as more than a variety of 
L. hulhiceps. 

Collection. — Mrs. Gray. 

Horizon and Localitfj. — Drummuck Group (U. Bala) : Starfish Bed, Thraive 
Glen. 



8. Lichas (Metopolichas) aff. marginatus, Lindstrom, 1885, Plate XIV, 
figs. 15, 16. 

linnarl's. — One large head-shield, 25 mm. long and 22 mm. wide between the 
facial sutures on the front margin, is in Mrs. Gray's collection from the Middle 
Llandovery of Woodland Point. Though somewhat flattened by pressure it is 
sufficiently well preserved and interesting to merit a special description. The 
glabella is about 20 mm. long, with a pair of large, oval, elongate, bicomposite lobes, 

^ Schmidt, * Rev. Ostbalt. Silur. Trilob.,' pt. ii, p. 62, pi. ii, fig. 6. 
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converging posteriorly and nearly reaching back to the occipital furrow ; in shape 
they are pointed in front but truncated at their posterior end, which is incompletely 
defined. The first lateral furrows are long, bend back strongly at first and con- 
verge posteriorly at about 30°, but near their extremities suddenly turn outwards and 
terminate blindly not far in front of the occipital furrow, into which they are 
continued by a shallow groove. The central lobe is narrow near the base of the 
bicomposite lobes, but widens anteriorly, expanding suddenly in front of them to 
four times its basal width, so as to completely overlap and overhang the lateral lobes. 
The fourth lateral lobes are almost obsolete. A pair of occipital lobes is 
present ; in shape they are oval, narrow, transversely elongate, and less than half 
the width of the neck-ring. The axial furrows are well marked and continuous, 
curving inwards strongly about the middle of the lateral lobes and reaching the 
occipital furrow nearly at the middle of the occipital lobes. The occipital furrow 
is strong, wide, and gently arched. The occipital ring is broad, and has a median 
tubercle. 

The fixed cheeks consist each of (1) a convex subreniform posterior portion 
extending only half the length of the bicomposite lobes and having only half their 
width ; and (2) a narrow flattened anterior wing joining the flattened striate and 
coarsely tuberculate frontal border of the head-shield. The eye-lobe is semi- 
circular and prominent, with its anterior end on the axial furrow opposite the 
middle of the bicomposite lobe, and is separated from the convex subreniform part 
of the fixed cheek by a strong sigmoidal eye-furrow running back obliquely, and 
curving outwards posteriorly. The head-shield is ornamented with coarse, round, 
sub-equal and closely placed tubercles, with a few smaller round ones intermixed. 
Dimensions. — 

Length of head-shield . . . 25*0 mm. 

Width „ between facial sutures . 22*0 „ 

Length of glabella .... 20'0 „ 
Width „ at base . . . 4*5 „ 

„ „ at front . . . 19*0 „ 

Length of convex portion of fixed cheek . . 6*5 „ 

A large subcircular hypostome, measuring 14 mm. in length by about the same 
in width, is in Mrs. Gray's collection from the same horizon and locality, and 
probably is referable to the same species. It has a wide flattened border, swollen 
a little on each side behind the lateral notches, which lie just behind the 
small triangular anterior wings ; and its posterior edge is excavated by a broad 
rounded notch, giving the characteristic bilobate shape. The body is subquadrate, 
with subparallel sides; the axial furrows are nearly straight; the posterior 
bounding furrow is weak, and truncates the body nearly at right angles to the 
axial furrows. In front the outline of the body is arched forward. The body is 
swollen anteriorly, but depressed behind the pair of very oblique, long, lateral 

14 
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furrows. The surface of the body is coarsely punctate, but the border is striated 
parallel to its edge. 

AtUinfi^'^. — This form appears to belong to the section MetopoHcha^. The 
elongation of the bicomposite lobes at the expense of the fourth lateral lobes, 
which are almost crowded out, is noteworthy. The shape of the central lol)e of 
the glabella, the long bicomposite lobes almost extending to the occipital furrow, 
the shape and size of the fixed cheeks, the position of the eyes, the tuberculate 
border, and the occipital furrow resemble L. imirginatnSj Lindstrom,^ from the 
Silurian of (xotland ; but the bicomposite lobes in the Girvan form are longer, and 
occipital lobes are also present, while in the imperfect specimens figured as the 
types of the Gotland species, occipital lobes seem to be wanting. The head of 
L. (fjfiuiii^ Angelin," in these two respects bears much resemblance to the Girvan 
specimen. The hypostome, which I have tentatively attributed to this form, is 
much like that of L. aniSy Barrande.' 

CoUecfion, — Mrs. Gray. 

Horizon awl Loral it tf. — Saugh Hill Group (M. Llandovery) : Woodland Point. 

9. Lichas (Amphilichas hibemicus (Portlock), 1843. Plate XV, figs. 1 — 3. 

1843. Nutiainia hiberntca, Portlock, Oteol Rep. Londond., p. 274, pi. iv, figs. 1 a — d, pi. v, figs. 1 — 3. 

— Nuttainia hibernica, Morris, Cat. Brit. Foss., p. 75. 

1845. Lichas hibemica, Boyrich, Ueb. Bohm. Trilob., pp. 25, 29. 

1846. Lichas hibernica, M*Coy, Synops. Silur. Foss. Ireland, p. 51. 

1878. Lichas sp.. Etheridge. jun., Proc. Roy. Phys. Soc. Edinb., vol. iv, p. 169. 

— Lichas hibemicus, Nicholson and Etheridge, Mon. SQur. Foss. Ginran, fasc. i, p. 133, pi. ix, 
fif?8. 9, 10. 

? 1885. Lichas holmi, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. ii, p. 54, pi. vi, figs. 14—17. 

1896. Lichas hibemicus. Reed, Quart. Joum. Geol. Soc., vol. Hi, p. 428. 

? 1902. Lichas (Metalich(is) hibemicus. Reed, Quart. Joum. (Jeol. Soc., vol. Iviii, p. 74, fig. 7. 

— Lichas (Paralichas) kildarensis. Reed, ibid., p. 80. 

Sperijic Chararfen^. — Head-shield transversely semicircular; free cheeks un- 
known. Middle shield strongly convex from back to front and from side to side, 
bent down anteriorly. Glabella subquadrate, rounded, broader than long, strongly 
convex, bent down in front ; composed of a median lobe and a single pair of tri- 
composite lateral lobes. Median lobe with independent convexity, bent down for 
anterior half, club-shaped, expanded transversely in front to quite twice or more 

1 Lindstrom, * Fortecku. Gotl. Silur. Crust.* (Ofv. k. vet. Akad. Forhandl., No. 6 [1885]), p. 58, 
pl. xiv, figs. 8, 9. 

2 Angelin, * Pal. Scand.,' p. 69, pl. xxxviii, fig. 4 ; Tomquist. * Undersokn. Siljans. Trilobit.,' p. 33, 

pl. i, fig. 31. 

5 Barrande, * Syst. Silur. Boheme.' vol. i, Suppl, pl. vi, fig. 25 ; pl. x, fi^. 14. 

* The name Amphilichas has been proposed by Eaymond (* Amer. Joum. Sci.,* vol. xix, 1905, 
p. 378) in place of Paralichas, the latter being pre-occupied. 
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than twice. its basal width ; anterior outline arched; anterior lateral angles pointed 
at about 45° and overhanging inner half of lateral lobes ; posterior half of median 
lobe with nearly parallel sides and less convex. First lateral furrows strong, deep, 
curving strongly inwards at first to about middle of median lobe, thence running 
back almost parallel and straight to meet occipital furrow at right angles. 
Lateral lobes tricomposite, suboval, elongate, more than twice as long as wide, 
pointed in front, truncated obliquely behind, gently convex, less elevated than 
median lobe ; of nearly imiform width for more than two thirds of their length, 
then rapidly narrowing to pointed anterior extremity ; extending about four fifths 
the length of the glabella, and of less width than median lobe at base ; strongly 
bent down with general curvature of head-shield at about half their length. Axial 
furrows deep, equal in strength to first lateral furrows, strongly curved, nearly 
parallel to axial furrows, concave outwards as far as front end of lateral lobes, round 
which they bend inwards to meet first lateral furrows at anterior lateral angles of 
glabella, and pass into marginal furrow. Marginal furrow marking off very narrow 
rounded border on anterior margin in front of glabella. 

Occipital furrow straight and horizontal behind median lobe, and at right 
angles to first lateral furrows, outside of which it is directed obliquely backwards 
behind lateral lobes. Occipital ring broadest behind miedian lobe, where it is of 
uniform width, but behind lateral lobes it decreases in width. Occipital lobes 
completely absent. 

Fixed cheeks with narrow band-like flattened anterior wing alongside lateral 
lobes ; posterior wing broad, triangular, gently convex. Neck-segment widening 
laterally, marked off by strong furrow. Facial suture cutting anterior margin just 
above lateral angles of glabella, thence curving outwards back to eye-lobe which it 
encircles, behind which it runs outwards and backwards in a weakly sigmoidal 
curve to cut posterior margin at about 60° at a distance from the axial furrow 
equal to about one third the width of the glabella. Eye-lobe situated opposite 
middle of lateral lobe where the downward curvature commences ; of moderate size, 
rounded, semicircular, with eye-furrow near base. Surface of glabella, occipital 
ring and cheeks covered with closely-set low round hollow tubercles varying some- 
what in size and prominence. 

Remarks. — There has never been any adequate description of the head-shield 
called L. hibemicuSy Portlock's original account being insufficient, and that given by 
Nicholson and Etheridge {op. cit.) being scarcely full enough for all purposes. 
The above description, therefore, based on the specimens used by Portlock and on 
other examples from the typical locality, Kildare, may be advantageous. The Girvan 
specimens agree with this diagnosis of L. hibernicus in all particulars so far 
as they are preserved. Schmidt ^ was of the opinion that his L. holmi was prob- 
ably identical, but of this I cannot feel certain. 

1 Schmidt, • Rev. Ostbalt. Silur. Trilob./ pt. ii (1885), p. 54, pi. vi, figs. 14—17. 
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It has been thought that the head-shields which were attributed to L. hibeniicm 
by Portlock and others should be separated off from the pygidium and thorax 
forming the original type of L. hibernicus (Portlock, op. dt.j pi. iv, fig. 1 c), and 
that quite a different type of pygidium should be associated with them. The 
reasons for this view were first brought forward by Schmidt {op. city p. 29), and 
more recently were referred to by the author {op. cit). The character of the 
ornamentation in the Irish forms seems to support this view. But this splitting 
up of an old-established species may be considered of somewhat doubtful wisdom 
till we have had our suspicions confirmed by a complete individual showing both 
the head-shield and pygidium in connection. 

Head-shields of the type usually called L. hihemicus occur at Craighead, but no 
pygidia are known. From Balclatchie, however, in the Edinburgh Museum there 
is a pygidium resembling Portlock's type, and agreeing in style of ornamentation 
with the head-shields which Schmidt would separate off, and which occur in the 
same locality. No other species of Lichas (save one poorly-preserved specimen 
of a peculiar head-shield (p. 110), specifically indeterminable, from the Balclatchie 
conglomerate) is known from this locality, so the natural presumption is that this 
pygidium belongs to the same species as the head-shields named L. hiheniiciis. It 
does not entirely agree with Portlock's type, as it shows two complete rings on the 
axis and a third ring incomplete in the middle ; but the pleurae are similar, only 
the first two pairs having furrows, and their extremities are not preserved ; and 
the post-axial piece has precisely the same general characters. It may indicate 
a variety of the species. 

There is a hypostome from Balclatchie in Mrs. Gray's collection which may 
probably be referred to L. hibernicus. Its description is as follows : — ^Body sub- 
circular, a little broader than long, convex, with sides marked by a pair of strong 
short horizontal lateral furrows at about one third the distance from posterior end. 
From the inner end of these furrows two short narrow ridges run obliquely back- 
wards and inwards. Axial furrows deep, strong. Border in front of body narrow, 
prolonged laterally into upwardly directed pointed wings, behind which it becomes 
strongly swollen and excavated opposite the lateral furrows of the body. Behind 
these furrows the border rapidly widens, becomes flattened, and is produced laterally 
into a second pair of pointed wings directed upwards. Behind the body the border 
is produced into a pair of rounded flattened approximate lobes. Some faint con- 
centric striae ornament the sides of the body and the border. 

Dimensions of hypostome. — 

Length ..... 12*0 mm. 

„ of body . . . . 8*0 „ 

Width of „ . . . . 10-0 „ 

Collections. — Mrs. Gray ; Museum of Practical Geology ; Edinburgh Museum. 
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Horizons and Localities. — Stinchar Limestone Group (Llandeilo) : Craighead. 
? Balclatchie Group (Llandeilo) : Balclatchie. 



10. Lichas (Amphilichas) sp. ind. Plate XV, figs. 4, 5. 

Remarks. — There are some fragments of a large head- shield from Dow Hill 
which, though belonging to the same group and sub-genus as L. hihertiicus^ 
are probably specifically distinct. The long bicomposite lobes converge more 
inwards posteriorly, so that the neck of the median lobe has not its sides so 
nearly parallel. Moreover, the first lateral furrows, in addition to their more 
marked convergence, are not continued back to the neck-ring with uniform strength, 
but almost die out a little behind the middle of the lateral lobes, being represented 
posteriorly by only faint and shallow depressions on the surface. The occipital 
segment and the other features appear to be identical with L. hibernicus. 

A portion of a very strongly tuberculated thoracic segment with the pleura 
showing a somewhat irregular diagonal furrow, behind which lie some 2 — 3 
specially large, rounded, prominent tubercles, elevated above the general tuber- 
ciilated surface, may belong to the same species. 

L. laevis^ Eichwald,^ is a species belonging to Amphilichas which has similar 
incomplete first lateral furrows ; but 1 know of no other allied species. 

Collection. — ^Mrs. Gray. 

Horizon and Locality. — Balclatchie Group (Llandeilo) : Dow Hill. 



11. Lichas (Conolichas) cf. saquiloba, Steinhardt, 1874. Plate XV, fig. 6. 

1874. LichoB aequUoha, Steinhardt, Preuss. Q^schieb. Gkfund. Trilob., p. 31, pi. iii, ^g, 6. 

1877. Conolichaa sequiloha, Dames, Zeitschr. deutsch. geol. Gksell., p. 807, pi. xiii, fig. 5. 

1886. Lichas sequiloha, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. ii, p. 89, pi. v. figs. 4—10. 

1890. Lichas sequiloha, Pompecki, Trilobitf. Ost.-West. Preuss. Diluv. Gteschieb., p. 48, pi. v, fig. 14. 

1901. Lichas sequiloha, Gurich, Neues Jahrb. f. Min., Beil. Bd. xiv, p. 519. 

1902. Lichas (^Conolichas) sequiloha, Beed, Quart. Joum. G^ol. Soc., vol. Iviii, pp. 61, 79, figs. 15 a, h. 

Remarks. — There is one small incomplete head-shield from the Starfish bed in 
Mrs. Gray's collection which shows the peculiar features of L. sequUoha^ Steinh. 
(op. cit.)^ so far as it is preserved. There is the characteristic suddenly swollen 
and elevated anterior portion of the central lobe of the glabella with the long, 
narrow, depressed neck between the elongated, oval, tricomposite lobes. The 
whole glabella is coarsely but scantily tuberculated ; it measures only 4 mm. in 

^ Schmidt, op. dt., p. 49, pi. vi, figs. 5—10. 
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length and the same in width. The rest of the head-shield is not preserved, but 
the features of the glabella are sufficient to sliow that it belongs to the pecuhar 
section or sub-genus of Lichas known as ConoUchas^ which has not hitherto been 
recorded from Britain. 

Collection. — Mrs. Gray. 

Horizon and Londify. — Drummuck Group (U. Bala) : Starfish Bed, Thraive 
Glen. 



12. Lichas, sp. ind. Plate XV, 6g. 7. 

Description. — A minute head-shield, only 3 mm. long, from Balclatchie, shows 
certain peculiar features. It is tumid, strongly convex from side to side and from 
back to front. The glabella rises steeply from the neck-ring, and has a central 
lol)e which gradually and slowly expands towards the front, but does not much 
overhang the lateral lobes, w^hich are bicomposite, broadly oval, rounded at both 
ends, as wide as the central lobe, and three fourths the total length of the glabella, 
nearly reaching the neck-ring. They are completely circumscribed by furrows, 
except at the base, and have a distinct notch on their inner side. The first lateral 
furrows converge posteriorly at an angle of about 30°, are very slightly arched 
inwards, bending outw^ards at their posterior end to terminate suddenly behind the 
lateral lobes. The neck-furrow is well marked, and separates off a rounded 
occipital segment. The specimen is not well enough preserved to show if the 
fourth lateral lobes are defined, or if occipital lobes are present. A narrow, 
flattened, smooth border surrounds the front end of the head; and a few large 
scattered tubercles are visible on the glabella. 

Collection. — Mrs. Gray. 

Horizon and Locality. — Balclatchie Group (Llandeilo) : Balclatchie. 



Genus LICHAPYGE, Callaway. 
1. Lichapyge? problematica, sp. nov. Plate XV, figs. 8 — 10. 

1880. Dionide ? sp. ind. c, Nicholson and Etheridge, Mon. Silur. Foss. Ginran, fasc. iii, p. 295, pi. ix, 

fig. 4. 

Specific Characters. — Pygidium semi-elliptical to subquadrate, flattened. Axis 
weakly convex, conical, about half the length of the pygidium and one third its 
width at front end ; consisting of 6 — 7 rings, of which only the first four are distinct 
and bear a faint median tubercle. From the extremity of the axis extends a 

1 Reed, ' Quart. Journ. Geol. Soc.,' vol. Iviii (1902), p. 78. 
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Genus ACIDASFIS, Murchison. 
1. AcidaBpis barrandei, Fletcher and Salter, 1853. Plate XV, fig. 11. 

1848. Acidaspis hispinosus, Salter, e, p. Mem. Qeoi, Surv., vol. ii, pt. i, pi. ix, fig. 4 only. 

1853. Acidaspis harrandii, Fletcher (dixit Salter), Mem. (Jeol. Surv., dec. vii, p. 6, pi. vi. 

1854. Acidaspis harrandii, Morris, Cat. Brit. Fobs, 2nd ed., p. 98. 

1859. Acidaspis harrandii, Murchison, Siluria, 3rd ed., p. 261, foss. 64, fig. 9. 

1890. Ceraiocephala harrandei, Clarke, 44th Rep. New York State Museum, p. 93. 

1896. Acidaspis harrandei. Lake, Quart. Joum. Geo!. Soc., toI. lii, p. 241, pi. viii, figs. 1 — 3. 

Remarks. — One fine head-shield with the two pairs of posterior spines well 
preserved, and another less perfect one, both from Penkill, represent this species 
in Mrs. Gray's collection. Mr. Lake's full and recent description (op. cit.) renders 
further remarks needless. Clarke {op. cit.) is desirous of substituting Warder's * 
earlier name Ceratocephula for the whole genus usually termed Acidaspis, and of 
using it in a stricter sense to designate a subdivision of the genus. But the name 
is usually rejected because the name Ceratocephalus had been previously applied by 
De Candolle to a genus of plants. 

Collection. — Mrs. Gray. 

Honzan and Locality. — Penkill Group (Tarannon = part of Mrs. Gray's U. 
Llandovery) : Penkill. 

Acidaspis callipareos, Wyville Thomson, 1857. Plate XV, figs. 12, 13. 

1857. Acidaspis callipareos, Wyville Thomson, Quart. Joum. Geol. Soc, vol. xiii, p. 208, pi. vi, 

tigs. 11, 12. 

? 1857. Acidaspis hystrix, Wyville Thomson (e. p,), ibid., pi. vi, figs. 7, 8 {non figs. 6, 9, 10). 

1876. Acidaspis callipareos, Armstrong and Young, Cat. West. Scot. Foss., p. 15. 

1877. Acidaspis callipareos. Woodward, Cat. Brit. Foss. Crust., p. 18. 

1878. Acidaspis callipareos, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 125. 
1896. Acidaspis callipareos. Lake, Quart. Joum. G^ol. Soc., vol. lii, p. 243. 

lirma rl's. — The typical locality for this species is Mulloch Hill. It was founded on 
a head-shield, but it is probable that the thorax described and figurecj by Wyville 
Thomson from Rough Neuk, Mulloch Hill, as belonging to A. hijstnx, really should 
be attributed to A. callipareos^ for A. Injstrix typically comes from the Balclatchie 
(Llandeilo) beds. Nicholson and Etheridge {op. cit.) were also inclined to hold 
this view. In Mrs. Gray's collection two imperfect head-shields, one with a few 
body-rings attached, from Woodland Point, appear to be attributable to this 
species, and perhaps a body-ring from Newlands also belongs to it. 

» Warder, * Amer. Joum. Sci.,* vol. xxxiv (1838), p. 377. 
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l{f*)narlt's. — The imperfect pygidium figured by Nicholson and Etheridge (oj). cit.) 
from Mulloch Hill as " Aridaspis sp." may without much doubt be referred to Mr. 
Lake's species, .4. dpfle,ni. Tlie woodcut given by them is misleading, for the 
second i)air of spines are ahnost parallel and do not curve inwards as there indicated. 

The species is also represented in Mrs. Gray's collection by several nearly 
coni])lete specimens from the same locality. The pygidia have the first pair of 
spines rather more develoi)ed than in Mr. Lake's type-specimen, but he agrees with 
me that these Girvan specimens are referable to A. defle^ea. 

Cnllfrtiona. — ^Irs. Gray (f. M.) : Woodwardian [Sedgwick] Museum. 

llttriztni and Localitf/. — ^Mulloch Hill Group (L. Llandovery): Rough Neuk; 
^lulloch Hill. 



5. Acidaspis graysB, Etheridge, jun., 1878. Plate XV, figs. 16—18; Plate XVI, 

figs. 1,2. 

1878. Acidaapis (jrayiv, Etheridge, jun., Proc. Koy. Phvs. Soc. Edinb., vol. iv, p. 170, pi. ii, 

fi^'s. 6-8. 
1878. Acidasjiiit gray^e, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 126, pi. via, 
fig. 26 ; pi. ix, figs. 1 — 7, and p. 129, fig. 7 b. 
? 1878. ^c?(/a^j>/it/a/a</«>, Nicholson and Etheridge (e.j[>.), ibid., pi. viii, figs. 18, 19 (now figs. 17,20—22). 
1899. Acidasjns grayn\ Mem. Geol. Surv*., Silur. Kocks Brit., vol. i, Scotland, pp. 509, 671, 688. 

Sprcijic Chnraders. — General form oval, depressed. 

llead-sliield sub-semicircular, rather flattened in front. Glabella convex, para- 
])olic, broadest behind. Lateral lobes imperfectly known owing to bad preservation 
of type, but apparently three pairs are ])resent; anterior pair mere nodules; second 
])air round ; third pair elongate, oval ; all circumscribed completely and separate ; 
central lobe cylindrical. Occii)ital ring very broad, projecting posteriorly, marked 
ofF from central lo])e of glabella by wide shallow furrow. Occipital lobes narrow, 
oblicjue (as in A. lahnjr, (|. v.). Fixed cheeks triangular, swollen, separated from 
glabella ])y dee]) axial furrows. Eye-ridge running outwards from anterior end 
of glabella to eye, curved, rounded, narrow, broadening posteriorly. Eye small, 
distant from axial furrow about half (?) width of glabella, and situated opposite 
middle of glabella. Free cheek with smooth narrow lateral border armed with 
about It radiating spines decreasing in length anteriorly. Genal angle furnished 
with long curved sj)ine, extending about three fourths the length of the thorax. 
Surface of head-shield covered with minute tubercles, somewhat scattered. 

Thorax of ten segments. Axis narrow, convex, prominent, sub-cylindncal, 
tapering a little to pygidium ; about one fourth the width of thorax ; axial rings 
with obscure lateral swellings. Pleurie straight, horizontally extended, with broad 
nearly median longitudinal groove, bordered by narrow rounded elevated margins, 
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Society of Edinburgh ' {loc. cit.), and eight pairs of well-developed denticulated 
spines can be easily recognised in the other figured specimens (Etheridge, op. cit, 
pi. ii, figs. 7, 8). In A. lalage, Wyville Thomson^ described twelve to fourteen 
lateral spines on the pygidium, but in one of his figures (fig. 46) he shows 
nine distinct pairs. In all the examples of A. gray as there are always two pairs 
of spines posterior to those to which the pleural ridges run. 

Collections. — Mrs. Gray (f. M.) ; Edinburgh Museum ; Hunterian Museum. 

Hmizon and Locality. — Balclatchie Group (Llandeilo) : Balclatchie. 



6. Acidaspis hystrix, Wyville Thomson, 1857. Plate XVI, figs. 3 — 5. 

1857. Acidaspis hystrix, Wjville Thomson (e.p,). Quart. Joum. Qeol. Soc., vol. xiii, p. 207, pi. vi, 
figs. 6, 9, 10 (non figs. 7, 8). 

1876. Acidas])is hystrix, Armstrong and Young, Cat. West. Scot. Foss., p. 15. 

1877. Acidaspis hystrix. Woodward, Cat. Brit. Foss. Crust., p. 19. 

1878. Acidaspis hystrix, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 123, pi. viii, 
figs. 23—25. 

1878. Acidaspis lalage, Nicholson and Etheridge (e.p.), ibid., pi. viii, fig. 17 (non cet,). 

1899. Acidaspis hystrix, Mem. Geol. Surv., Silur. Books Brit., vol. i, Scotland, pp. 509, 672, 688. 

f<2)ecifc Characters. — "Less than half an inch long. Glabella broadly triangular, 
not very highly arched ; middle lobe rather narrow ; lateral lobes two, oval, 
separated by distinct grooves from the central lobe and from the cheek ; basal 
lateral lobe fused with the neck-segment. Portion of cheek within the facial 
suture very gibbous, likewise confluent with the neck-segment. Neck-segment 
very prominent, separated from the middle lobe of the glabella by a shallow 
groove. . . . Head densely ornamented with tubercles. Axis of thorax and 
al)domen narrow and prominent. Body-rings nine ; lateral portion of body-ring 
horizontal, convex, with a groove running along it somewhat nearer the anterior 
than the posterior margin, and dividing the surface into a narrower anterior and a 
broader posterior ridge, the posterior ridge terminating in an abruptly reflexed, 
slightly curved spine, nearly one third the length of the body, and the anterior in a 
smaller spine, less abruptly reflexed and so placed as to pass below the posterior 
spine of the segment before it. Tail minute, short, and as wide as the body-rings ; 
axis of two very convex segments, margin fringed with twelve [fourteen] parallel 
or slightly approximate equal spines. A ridge runs from the first axis-segment on 
either side continuous with the antepenultimate spine, indicating the primary 
spine, the posterior spine of the anterior tail-segment. The surface of the body- 
rings and tail is richly granular." {Wyville Thomson.) 

1 'Quart. Joiirn. Geol. Soc.,' vol. xiii (1857). p. 206, pi. vi, figs. 1—5. 
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Tail, short, semicircular, of two short segments fringed with from twelve to 
fourteen long, radiating equal spines ; a. ridge from the anterior axis-segment is 
continuous with the antepenultimate [?] spine on either side. General surface of 
tlie head and body-rings slightly tubercular; surface of tail reticulated." {Wycille 
Thomson.) 

Ttemarks. — A few more details may be added to the description of the head- 
sliield, the good specimens in Mrs. Gray's collection showing some additional 
features ; for Wy ville Thomson had not very well preserved material for figuring, 
and in none of his figures is the posterior part of the head-shield well shown. 
Nicholson and Etheridge {op. cit.) also failed to represent it correctly, as an 
examination of their type-specimens proves, and moreover they figured as belonging 
to A. Jahuje two head-shields {op. cit.j pi. ^nii, figs. 18, 19) which must be assigned 
to other species ; only three of the specimens figured by them {op. cit., pi. viii, figs. 
20 — 22) can be left in ^4. lalage, if we keep strictly to Wyville Thomson's definition. 
The specimen figured by them in fig. 21 is in excellent preservation. In this head- 
shield the anterior end of the median lobe of the glabella expands, so as to over- 
hang the anterior pair of lateral lobes, and these lateral angles of the median lobe 
are slightly nodular and notched behind so as to appear like a pair of small lateral 
lobes (as in true homology they are). The lobes of the so-called anterior or first 
lateral pair are subcircular and completely circumscribed ; those of the second 
l)air are oval, longer, and also completely circumscribed. Behind them are narrow, 
depressed, oblique occipital lobes, formed by the narrowed lateral portions of the 
occipital ring ; these pseudo-occipital lobes are marked off from the gibbous fixed 
clieek by the continuation of the axial furrows, and from the broad median part of the 
occipital ring by the continuation of the united furrows which mark off the lateral 
lobes from the median lobe of the glabella. The shallow, broad occipital groove is 
far forward, being nearly opposite the middle of the second pair of lateral lobes. 
The median lobe of the glabella in front of it is broader than the lateral lobes, and 
cylindrical in shape, but narrows slightly anteriorly. The occipital ring is so 
enlarged as to be more than one third the length of the glabella, and it bears a 
median tubercle as well as the pair of long divergent posterior spines. These 
features are well shown (except the occipital lobes) in Wyville Thomson's figure 3, 
pi. vi {op. cit.). The axial furrows curve outwards and run obliquely backwards 
in such a way as to give the glabella a hyperbolic rather than triangular shape. 
The fixed cheeks are swollen to nearly the same extent as the glabella, and are 
sharply marked off from it by the deep axial furrows ; a narrow, rounded, swollen 
neck-segment is separated off by a deep neck furrow widening laterally. The eye- 
ridge curves outward from the anterior end of the glabella to reach the eye, which 
is small and situated opposite the middle of the second lateral lobes of the glabella, 
and distant less than half the width of the glabella at this level from the axial 
furrow. The anterior margin of the middle shield is nearly straight, and is 
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furnished with a narrow rounded border. The surface of the fixed cheeks is 
reticulated as well as tuberculated. 

The thorax of this species as figured and described by Wyville Thomson {op. ciL, 
pi. vi, figs. 4 a, 5) agrees closely with that belonging to the type of A, grayde, for the 
type of this species luckily consists of an entire individual. But the pleural spines 
are not denticulate, and the supplementary marginal spines seem to be absent. 
The pygidium also bears a very close resemblance to this species, except in the 
number of the marginal spines and their want of denticulations. Specimens showing 
the above characters are in Mrs. Grray's collection. As already stated, I have some 
doubt whether the species A. lalage and A. grayse are truly distinct. At any rate 
the thorax, with an imperfect head-shield attached, which Nicholson and Etheridge 
figured as belonging to A. lalage {op. city pi. viii, fig. 17) is completely different to 
that figured by Wyville Thomson ; the pleural groove is much narrower and further 
forward, the ridge bounding it behind is much stronger than the anterior marginal 
one ; the long lateral spine is in direct continuation of the main ridge, and the 
anterior ridge is furnished with a short straight spine projecting horizontally. 
Both ridges are also ornamented with a row of 7 — 9 tubercles. It should probably 
be referred to A.hystrix {q.v.) The true thorax and pygidium of A. lalage may still 
remain to be discovered, unless A. grayae proves to be identical. 

Collections. — Mrs. Gray (f . M.) ; Edinburgh Museum. 

Honzon and Localities. — Balclatchie Group (Llandeilo) : Balclatchie ; Dow 
Hill. 



8. AcidaBpis dalecaxlica, Tornquist, 1884. ? Plate XVI, fig. 7. 

1884. Addaspis dalecarlica, Tornquist, Siljansora. Trilobitf. (Sver. Geol. TJndersokn., ger. C, No. 66) 
p. 27. pi. i, fig. 23. 

A small pygidium, about 5 mm. wide, from Shalloch Mill is probably identical 
with Tomquist's species A. dalecarlica (op. cit.) from the Trinucleus Shales of 
Sweden. It is distinct from any British form hitherto described. 

Descnption. — Pygidium flattened, transverse, nearly twice as broad as long 
(including spines), with strong rounded ridge on front margin. Axis short, wide, 
of two rings. Lateral lobes small, depressed, traversed by one strong pair of ridges 
which are continued into the third pair of spines ; border raised and furnished with 
six pairs of spines, of which the first two pairs are equidistant, straight, subequal, 
projecting backwards and slightly outwards ; the third pair is larger, stouter, and 
longer than any of the others, and is produced backwards to about twice the length 
of the second pair ; the fourth pair is small and partly overlapped by the third pair, 
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and the two inner pairs are shorter, equidistant, and subequal, the inner spines 
being parallel, and the outer slightly divergent. Whole surface of pygidium and 
spines covered with small, sharp tubercles and granules. 

liemarlcs. — This Girvan specimen only appears to differ from the Swedish species 
by having the three inner pairs of spines a little longer. In A. caractaciy Salter,^ 
from the Bala of Shropshire there is the same number of spines, but the third pair 
does not overlap the fourth pair. 

Collection. — Mrs. Gray. 

TJorizon and Locality. — Whitehouse Group (M. Bala) : Shalloch Mill. 



Family Encrinurid-i^. 
Genns ENCSIinJBXJS, Emmrich. 
1. Encrinurus punctatus (Brimnich), 1781. Plate XVI, fig. 8. 

1759. EntomoUthus paradoxus, Linneeus, Act. Reg. Acad. Sci. Holm., p. 22, pi. i, fig. 2. 
1781. TrUohus punctatus, Briinnich, Kojbenh. Sellsk. Skrivt. nje Samml., i, p. 394. 

1821. Entomostracites punctata, Wahlenberg, Act. Soc. Sci. Tips., vol. viii, p. 32, pi. ii, fig. 1 (tail 
only). 

1822. Calymene variolarxs, Brongniart, Crust. Foss., pi. i, fig. 3 a (non b). 
1826. Calymene punctata, Dalman, Paleead., p. 47, pi. ii, figs. 2 a, 6. 

1836. Asophus tuherculatus, Buckland, Geol. and Mineral. (Bridgw. Treat.), pi. xlvi, fig. 6. 

1837. Calymene punctata, Hisinger, Leth. Suec, pi. i, fig. 9. 

1839. Calymene punctata, Murchison, Silur. Syst., p. 650, pi. xxiii, fig. 8. 

? 1839. Phacops variolarxs, Emmrich, Dissert., p. 20. 

1845. Encrinurus punctatus, Emmrich, Neues Jahrb., p. 42. 

1846. Encrinurus stokesii, M'Coy, Synops. Silur. Foss. Ireland, p. 46, pi. iv, fig. 15. 

1847. Encrinuriis punctatus, Corda, Prodr. Mon. Bohm. Trilob., p. 91, pi. v, fig. 55. 

1848. Encrinurus punctatus, Kutorga, Verb. Miner. Gksell., 1847, p. 299, pi. viii, fig. 4. 

1850. Cyhele punctata, Fletcher, Quart. Jourii. Geol. Soc., vol. vi, p. 158, pi. xxxii, figs. 1 — 5. 

1851. Encrinurus punctatus, Salter, Quart. Journ. Geol. Soc, vol. vii, p. 172, pi. ix, fig. 4. 
1851-6. Encrinurus punctatus, Bronn, Leth. Geogn., 3rd ed., vol. i, p. 658 ; Atlas, pi. ix *, figs. 24 a — c. 

1853. Encrinurus punctatus, Salter, Mem. Geol. Surv., dec. vii, p. 6, pi. iv, figs. 15, 16. 

1854. Encrinurus stokesii, M'Coy, Synops. Palceoz. Foss. Woodw. Mus., p. 158. 
1854. Cryptonymus punctatus, Angelin, Pal. Scand., p. 3, pi. iv, figs 4—8. 

1857. Encrinurus punctatus, Nieszkowski, Mon. Trilob. Ostseeprov. (Archiv f. Naturk. Liv.-Est.- 
Kurl., ser. i, vol. i), p. 604, pi. iii, figs. 6, 7. 

1858. Encrinurus punctatus, Hoffmann, Verb. Miner. Gesell., p. 35, pi. iii, fig. 5. 
1865. Encrinurus punctahis, Salter and Woodward, Chart Foss. Crust., p. 13, fig. 52. 

1867. Encrinurus punctatus, Murchison, Siluria, 4th ed., Foss. 14, fig. 10; Foss. 64, fig. 5 ; pi. x, 

fig. 5. 
1872. Encrinurus punctatus, Murchison, ibid., 5th ed., p. 235, Foss. 65, fig. 5. 

1 Salter, ' Quart. Journ. Geol. Soc.,' vol. xiii (1857), p. 211, pi. vi, figs. 15—17. 
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1873. Encrinurua punctatus, Salter, Cat. Camb. Silur. Foss. Woodw. Mus., pp. 77, 131. 

1874. Encrinurus punctaius, Steinhardt, Die preuss. Geschieb. gefund. Trilob. (Beitr. Naturk. 
Preuss. Phys. Oekon. Gksell. Konigsberg., st. 3), p. 58, pi. iv, fig. 15. 

1875. Encrinurus pundatus, Bailj, Char. Brit. Foss , p. 50, pi. xvi, fig. 12; p. 67, pi. xxiii, fig. 2. 

1876. EncHnurus punctatus, Eoemer, Leth. Q-eogn. I, Atlas, pi. xvii, figs. 8 a, 6. 

1877. EncrinuTus (Gyhele) punctatus. Woodward, Cat. Brit. Foss. Crust., p. 36. 

1878. CryptonymuB punctatus, Vogdes, Monogr. genera Zethus, Gyhele, Encrinurtis, and Gryptony- 
mus (Charleston), p. 18. 

1879. Encrinurus punctatus, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 109, 
pi. viii, figs. 1 — 3, nou fig. 4. 

1881. Encrinurus punctatus, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. i, p. 225, pi. xiv, figs. 11 — 13 ; 

pi. XV, fig. 18. 
1886. Encrinurus punctatvs, Novak, Studien an Hypost , IV (Sitzb. bohm. Gtesell. Wiss.), p. 429, 

pi. i, figs. 1 — 8. 
1888. Encrinurus punctatvs, Wigand, Zeitschr. deutsch. geol. Gesell., vol xl, p. 91, pi. x, fig. 23. 
1890. Encrinurus punctcUus, Pompecki, Die Trilobf. Ost.-West-preuss. Diluv. Geschieb. (Beitr. 

Naturk. Preuss. Phys. Oekon. Gesell. Konigsberg, st. 7), p. 40, pi. v, figs. 21, 22 ; pi. vi, fig. 32. 
1893. Encrinurus punctatus, Vogdes, Bibliogr. Pal. Crust. (Calif. Acad. Sci.), p. 308. 
1899, Encrinurus punctatus, Mem. G^eol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 503, 505, 

529, 530, 532, 536, etc. 

BemarJcs. — As Nicholson and Etheridge have remarked {op. city p. 109), the 
variety arenaceus is much commoner than the variety calcareus in the Grirvan 
district. The specimens from Penkill (Nicholson and Etheridge, op. cit, pi. viii, 
figs. 1, 3), Camregan Wood, Bargany Pond Bum, and Newlands are like the 
typical Wenlock examples from Dudley, and have a pygidium with the axis 
possessing a median smooth space bearing a tubercle opposite every fifth or sixth 
ring, the rings not being complete in the centre, as Salter mentioned {op. ciL^ 1853). 
The specimens, on the other hand, from Woodland Point and MuUoch Hill {op. cit.y 
pi. viii, fig. 2) have no clear space down the middle of the axis, as the rings are 
continuous across it, and there is no median row of tubercles. In other respects 
the pygidia appear to be identical. The head-shields are not suflBciently preserved 
to feel sure of any points of difference, but the glabella in those of the second 
group appears to be relatively somewhat longer and to have a more slender neck. 

None of these Silurian specimens have the mucro to the pygidium well 
preserved, but it appears to have existed in some of the above-mentioned examples 
from Penkill, Bargany, Newlands, and Camregan, and these specimens therefore 
belong to the variety calcareus^ which, as Salter stated, is the common Wenlock 
variety. 

The Ordovician representatives of the species, on the other hand, resemble 
those from Mulloch Hill and Woodland Point. The axial rings are continuous 
across the axis and fewer in number (18-25) than in the other form. The pleurae 
and rings are finely granulated, and no definite row of tubercles exists on the axis 
or elsewhere. In all the tail ends abruptly, as in the variety arenaceus. 

IG 
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Nicholson and Etheridge figure a crushed example from Craighead {op. cit.j 
p. 109, pi. viii, fig. 4). It appears to me that this form should certainly rank as a 
distinct variety, if not species. 

Salter does not state that the variety areiiaceus differs from the variety 
calcareus by anything but the non-mucronate pygidium, and makes no mention of 
the distinctive characters of the axis. 

There is one slightly imperfect hypostome of an Encrinnrns from Dow Hill 
probably referable to this species and the variety arenaceus. It does not appear 
to differ from typical examples of the Wenlock E. punciatiis^ except in the 
anterior end being rather more obtusely rounded. 

(1) E.jyun^tatuSy var. calcareus. 

Collectio7i8. — Mrs. Gray ; Museum of Practical Geology ; Edinburgh Museum. 

Horizons and Localities. — Saugli Hill Group (M. Llandovery) : Newlands. 
Camregan Group (U. Llandovery) : Camregan Wood ; ? Bargany Pond Bum. 
Penkill Group (Tarannon) : Penkill. Bargany Group (Tarannon) : Bargany Bum. 
Wenlock Series : Knockgardner. 

(2) E. punctatusy var. arenaceus. 

Collections. — ^Mrs. Gray; Museum of Practical Geology; Edinburgh Museum; 
Woodwardian [Sedgwick] Museum. 

Horizons and Localities. — Stinchar Limestone Group (Llandeilo) : Craighead; 
Mmuntion. Balclatchie Group (Llandeilo) : Ardmillan ; Dow Hill. Drummuck 
Group (U. Bala) : Penwhapple Glen. MuUoch Hill Group (L. Llandovery) : 
Mulloch Hill ; Rough Neuk. Saugh Hill Group (M. Llandovery) : Woodland 
Point. 



2. Encrinurus multisegmentatus (Portlock), 1843. Plate XVI, figs. 9 — 11a, 

1843. Amphion muUisegmentatus, Portlock, Geol. Rep. Loudond., p. 291, pi. iii, fig. 6. 

1843. Ampyx? haccatus, Portlock, ibid., p. 262, pi. iii, fig. 11. 

1846. Encrinuru8 multisegmentatu^t M*Coy, Synops. Silur. Foss. Ireland, p. 46. 

1853. Encrinurus multisegmentaius, Salter, Mem. Geol. Surv., dec. vii, art. iv, p. 7. 

1854. Encrinurus multieegmentatusy Morris, Cat. Brit. Foss., 2nd ed., p. 107. 

1857. Encrinurus multisegmentaius, Nieszkowski (e. |>.), Mon. Trilob. Ostseeprov. (Archiv f. Naturk. 
Liv.-Est.-Kurl., ser. 1, vol. i), p. 609. 

1858. Encrinurus muUisegmentatus, Schmidt (e.^).),Untersucli. Silur. Form. Esth. (Archiv f. Naturk. 
Liv.-Est.-Kurl, ser. 1, vol. ii), p. 190. 

1861. Encrinurus muUisegmentatus, F. Eomer, Foss. Faun. v. Sadewitz, p. 75, pi. viii, figs. 7 a, h, c. 
1868. Encrinurus multisegmentatus, Bigsby, Thesaur. Silur., p. 51. 
1877. Encrinurus multisegmentaius. Woodward, Cat. Brit. Foss. Crust., p. 35. 

1881. Encrinurus multisegmentaius (?), Schmidt, Rev. Ostbalt. Silur. Trilob., pt. i, p. 227, pi. xiv^ 
figs. 14, 15 ; pi. XV, figs. 19, 20. 
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strongly towards the extremity, and consist of ten or eleven simple pleural ridges, 
separated by strong simple furrows. The pleural ridges terminate on the margin 
in free, short, obtuse points. The axis is long, narrow, and slowly tapering, but 
does not quite reach the posterior end of the pygidium. It is completely ringed, 
but only the first 12 — 15 rings (in casts), or even fewer, are complete, the posterior 
10 or more being incomplete in the middle. In some specimens only the first 8 — 
12 HI e complete. A similar variation is noticed by Schmidt in E. seebachi, Schmidt 
(op. cit.y p. 231) ; but in Portlock's type of E. multisegmentatuSy and in the Haver- 
fordwest specimens the rings are continuous as in the Girvan specimen. The 
median space down the axis is smooth and bears no tubercles, but there are 1 — 3 
tubercles frequently visible along the centre of the pleuras. 

Two pygidia from Shalloch Mill which should probably be ascribed to this 
species have more the shape of E. seehachi as figured by Schmidt {op. ciL, pi. xiv, 
figs. 24 — 26), being more sharply pointed and laterally compressed, but in other 
respects agree with E. midtiseginentatus. 

The pygidium of the latter species has been compared with E. multiplicatuSj 
Salter, by the present writer,* and it may be remarked that the latter species 
differs chiefly from these Girvan specimens by the longitudinal lineation of the 
pleurae and by the different course and origin of the last pleuras. The last pair of 
pleurae in E. multiseijmentatus arises close to the tip of the axis instead of at the 
16th axial ring, as Tornquist {loc. ciV., 1884) shows in his figure of a Swedish 
specimen. 

Collection. — Mrs. Gray. 

Horizons and Localities. — Whitehouse Group (M. Bala) : Shalloch Mill. 
Drummuck Group (U. Bala) : Starfish Bed, Thraive Glen. 



Genus CYBELE, Loven. 
1. Cybele bellatula (Dalman), 1826. Plate XVI, figs. 14^17. 

1826. Calymene hellaiula, Dalman, K. Svensk. Vet. Akad. Hand!., p. 228, pi. i, figs. 4a— d. 

1828. Calymene hellatula, Dalman, Palsead., p. 36, pi. i, fig. 4. 

1830. Zeihus verrucosvs. Pander, Beitr. z. Geogn. Russl., p. 140, pi. ivc, fig. 4; pi. v, fig. 5. 

1845. Cyhele hellatula, Loven, Ofv. K. Svensk. Vet. Akad. Forhandl., p. 110, pi. ii, fig. 3. 

1848. ZethuB verrucostis, Volborth, Veihandl. Miner. Gesell. St. Petersb., p. 8, pi. i, figs. 5 — 7. 

1854. Cryptonymus hellaiuhiSy Angelin, Pal. Scand., p. 3, pi. iv, figs. 1 — 3 ; and p. 89. 

1858. ZethuB verrucoBUB, Hoffmann, Verhandl. Miner. Gesell. St. Petersb., p. 32, pi. iii, ^g, 4. 

1860. Crypionymus hellatuluB, Eichwald, Leth. Ross., p. 1414. 

1860. CryptonymuB jparalleluBy Eichwald, ibid., p. 1417. 

1865. Cyhele dentata, Kjerulf, Veiviser, p. 6. 



1 Reed, 'Geol. Mag.' [4], vol. viii (1901), p. 107; ibid. [6], vol. i (1904), p. 387, pi. xii, fig. 5. 
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1881. Cyhele hdlatula, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. i, p. 203, pi. xiii, figs. 9—13 ; pi. xv, 
figs. 1-5. 

1882. Cyhele heUatuIa, Brogger, Die Silur. fit. 2 und 3, p. 136, pi. vi, figs. 2, 2 a, 2 h. 
1888. Cyhele hellatula, Wigand, Zeitschr. deutsch. geol. Gesell., vol. xl, p. 88, pi. x, fig. 15. 

1901. Cyhele hellatula, Lindslrom, K. Svensk. Vet. Akad. Handl.. vol. xxxiv, No. 8, p. 52, pi. iv, ^g. 2. 

Remarks. — Certain head-shields from Dow Hill bear a close resemblance to 
C. hellatula (Dalman), and are undoubtedly distinct from other British species. The 
glabella in these Girvan specimens is oval, broadest across the middle, with three 
pairs of lateral lobes marked off by deep furrows, of which the two posterior 
furrows are straight, almost horizontal, reach more than one third across the 
glabella and deepen at their inner ends. The anterior furrows are oblique and cut 
into the anterior end of the glabella, defining between them a triangular frontal 
lobe. The axial furrows are deep. The occipital ring is prominent, rounded, and 
widest in the middle. The fixed cheeks are nearly twice as wide as the glabella, have 
a convex surface, and towards the genal angle are bent downwards and backwards. 
The eye-stalks are at the level of the anterior lateral lobes of the glabella, and are 
stout and prominent, rising up almost vertically from the cheek. They are distant 
from the glabella about half its width, and are connected with it by a faint ridge. 
The cheeks are finely pitted, but the glabella seems to be feebly granulated. The 
neck-segment is narrow and smooth, but widens towards the genal angles. A 
strong neck-furrow separates it from the cheek. 

There does not appear to be any marked point of difference between these 
head-shields and those of G. hellatnlay except that the eye is not placed quite so far 
forward and is directed rather laterally instead of anteriorly. Free cheeks probably 
belonging to this same form are found at Dow Hill and Balclatchie ; they are of 
triangular shape with an elevated pitted surface bearing a tall stalked eye, and the 
rounded border is produced anteriorly into the characteristic pointed process. In 
one specimen belonging to the same species we find the head-shield attached to 
eight thoracic segments. The free ends and extra-fulcral portions of the pleurse 
are broken off, but each pleura is seen to be slightly contracted at its base on the 
axial furrow ; the pleural furrow is narrow and does not arise quite at its base but 
runs out to the fulcrum nearly parallel with the anterior edge of the pleura ; the 
portion of the pleura behind the pleural furrow is nearly twice as wide as the part 
in front, and is more strongly raised and prominent, bearing traces of one or two 
tubercles in addition to the general granulation which covers the whole surface of 
the pleura. The axial rings are furnished with low rounded lateral nodes on the 
axial furrows. 

There are certain pygidia from Dow Hill and Balclatchie which are probably 
referable to this species. In one specimen from Dow Hill there are three thoracic 
segments attached ; the pleurae are strongly curved backward, and produced into 
long free rounded spines ; the rounded surface of the pleura is divided as far out as 
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the fulcrum by a slightly diagonal narrow furrow, situated nearer the anterior than 
tlie posterior margin. (There is a fragment of an apparently similar thorax in 
Mrs. Gray's collection from Craighead, and another from Balclatchie with one pair 
of pleune produced into very long spines.) These pygidia have the following 
characters : Shape triangular, acutely pointed behind, and contracted posteriorly, 
as broad (across the front) as long. Axis long, narrow, gently tapering, extending 
two thirds the length of the pygidium, and with a width at front end less than one 
third that of the i)ygi(lium ; possessing 20 — 25 incomplete narrow rings, leaving a 
smooth central band down axis. Behind the axis and extremities of the pleurae is 
a narrow tapering post-axial piece with a median ridge. Lateral lobes broad in 
front and flattened horizontally, decreasing rapidly in width behind : each consisting 
of four com])lete ])leura^ and one half pleura, successively decreasing in size and 
strength of curvature, the anterior pair being very strongly curved ; the half 
pleura is straight and lies along the side of the axis. Each pleura consists of a 
large ])osterior raised, rounded ridge and a much narrower anterior ridge which 
scarcely reaches the axis. The pleune l)ear a few large tubercles. The posterior 
ridge of the second pair of pleurae forms the greater part of the lateral margin 
of the i>ygidiuni, and the extremities of the third pair bend out behind it at the 
end of the axis to terminate in short, freely projecting points. 

Tliese pygidia bear a general res(»mblance to that of C. hellatula^ particularly in 
the sliort axis and post-axial piece, as is well shown in Schmidt's figure {cqj. cit., pi. 
XV, fig. 5), but the rings on the axis are much more numerous. 

The i)r()(luction of one pair of thoracic pleura? into longer spines than the rest, 
and the enlargement of this thoracic segment, which are noticeable in some frag- 
ments of a thorax from Balclatchie and Craighead, perhaps attributable to C. 
hrllafnlu, are met with also in (\ (r^^^chcU^, Clarke,^ from the Galena Limestone of 
Minnesota, and in (\ htvcHi^ Linnarsson (see below). 

CitllrctiiHi, — Mrs. Gray. 

ILn'hous a lid Lncalitirs. — Balclatchie Group (Llandeilo): Dow Hill ; Balclatchie. 
(r) Stinchar liimestone Grouj) (Llandeilo): Craighead. 



2. Cybele loveni, J linnarsson, 1809, var. no v. girvanensis. Plate XVII, figs. 

1—4. 

1876. Cyhi'le ru<jom, Armstroug aucl Young, Cat. West. Scot. Foss., p. 1(). 

18 78. Cyhi'le ruyosa, Nicholson and Etheiidge, Mou. Silur. Foss. Girvan , fasc. i, p. 112, pi. xiv, 

fig. 13; i>l. viii, figs. 5 — 7. 
1899. Cyhele rif(josn, Meiu. Geol. Surv., Siiur. Rocks Brit., vol. i, Scotland, pp. G72, 688. 



1 Clarke, * Lower Silur. Trilob. Minnesota,' p. 747, fig. 19 (* Final Eep. G^ol. Nat. Hist. Surv. 
Minces.,' vol iii, 1894). 
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Remarl'S, — The carefully executed figure and minute description of Gybele 
loveni given by Linnarsson,* and the large series of finely preserved specimens in 
Mrs. Gray's collection from Thraive Glen, including some nearly perfect individuals 
with numerous head-shields, thoraces, and pygidia, have led me to identify this 
Girvan form with Linnarsson's species rather than with Portlock's C rugosa^^ to 
which Nicholson and Etheridge referred the similar but poorer examples from 
Drummuck. The examination of Portlock^s type specimen of C. imgosa fully 
confirms my view. Furthermore, M'Coy^s' specimen of the latter species from 
Coniston, though closely allied to the Girvan form, cannot be considered identical 
with it. 

There are a few minor points in which the Girvan specimens differ from the 
Swedish C. loveniy and they are suflBcient to indicate a definite variety. The 
characters of the head-shield agree exactly with those of G. loveniy Linnarsson, 
except in (1) the presence of a small projecting knob in front of the glabella 
(preserved only in some specimens) ; (2) the glabella does not increase in width 
anteriorly, but is parallel-sided ; and (3) the fused lateral lobes of the glabella form 
a rather narrower zone on each side. 

The thorax agrees, apparently in all respects, with that of G. loveniy the 
prolongation of the sixth pair of pleurae into extraordinarily long free curved spines 
to some distance behind the tip of the pygidium being beautifully exhibited in 
many of the Girvan specimens. 

The pygidium, however, shows several points of difference ; it is narrower in 

shape ; the axis is rather longer, being about three fourths the total length of the 

pygidium, it is regularly conical and tapers more slowly, the sides converging 

posteriorly at about 20°. There are 22 — 28 rings on the axis, interrupted along 

the middle line for the whole length of the axis, and generally devoid of tubercles. 

(In G. rugosa tubercles are situated at intervals along this space, but only one 

of our specimens shows two minute tubercles, one at the fiftli and the other at the 

eleventh ring.) Behind the axis is a narrow-pointed post-axial piece. The lateral 

lobes are elongate and narrow, being nowhere wider than the front end of the axis. 

They each consist of three pleurae and one half-pleura. The first pleura is divided 

Tjy a median groove into two equally strong and tuberculated ridges, arising 

opposite the first three or four axial rings, and arching at first slightly outwards, 

l)ut then bending backwards and a little inwards. The outer (anterior) ridge is 

prolonged along the side of the pygidium to end in a short free point bent 

outwards. The second pleura is smaller and lies almost parallel with the axis : it 

consists of a narrow anterior ridge and a slightly larger tuberculated posterior one. 

The third pleura is still smaller and lies parallel with the axis ; only the posterior 

» Linnarsson, • Vestergotl. Camb. Silur. Aflagr.' (1869), p. 63, pi. i, fig. 14. 

2 Portlock, *Geol. Eep. Londond.,' p. 302, pi. v, fig. 10 {Ogygia rugosa), 

* M'Coy, * Synops. Pal. Foss Woodw Mus,,' Appendix A, p. iii, pi. i o, fig. 8. 
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ridge is well developed, the anterior one being very narrow and not extending to 
the base of the pleura. The half-pleura is a very narrow straight tuberculated 
ridge lying closely pressed against the axis. The ends of the pleurae are gathered 
closely together behind the axis, and then spread out in a fan-shaped manner to 
form the tip of the tail. The narrow wedge-shaped post-axial piece separates the 
pleurse of the opposite sides behind the axis. But, unfortunately, no example has 
the extremity of the pygidium in a first-rate state of preservation. 

Linnarsson's figure of C. loveni does not indicate the pygidial characters very 
minutely, but so far as can be judged they are not quite identical with those of the 
Girvan specimens. Hence these latter may be recognised as a local variety and 
termed var. girvanensis. 

G. loveni was recorded by Marr ^ in the Settle district in 1887, for the first time 
in the British Isles. 

Collections, — Mrs. Gray ; Museum of Practical Geology ; Edinburgh Museum. 

Horizon and Localities. — Drummuck Group (U. Bala) : Thraive Glen ; 
Drummuck. 



3. Cybele cf. aspera, Linnarsson, 1869. Plate XVI, figs. 12, 13. 

? 1878. Cyhele verrucosa, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. Ill {non 

fig. 5 c). 
? 1899. Cyhele verrucosa, Mem. Geol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 509, 514, 688. 

RemarJiS. — A species of Gt/bele has been recorded from several horizons and 
localities in the Girvan district as C. verrucosa^ Dalman, but few of the specimens 
in Mrs. Gray's or other collections which I have examined appear to correspond 
precisely with this type. One from Craighead which, perhaps, may be referred to 
it, is mentioned below, but the majority show features which do not agree with 
C. verrucosa as Loven^ figured and described it, though later authors have widely 
diverged from his definition, so that current synonymies have not much value. 
Of other species of Cyhele^ C. aspera^ Linnarsson,' appears to bear a greater 
resemblance to the form from the Balclatchie Beds which is here described ; the 
points of similarity are mentioned below. Unluckily, none of the specimens are 
well preserved. In the head-shield from Ardmillan the glabella is strongly convex 
and subclavate in shape, but the frontal lobe is not so transversely expanded as 
is usual in G. verrucosa ; there are three pairs of deep lateral pits which are not 
continued into the axial furrows, and thus mark off incompletely three pairs of 
lobes, as in C. aspera^ whereas in C, verrucosa there are true furrows ; the anterior 

1 Marr, * Geol. Mag.* [3], vol. iv (1887), p. 35. 

2 Lovt'n, *Ofv. K. Svensk. Vet. Akad. Forliandl.,' no. 3 (1845), p. 52, pi. i, fig. 5 a. 
^ Linnarsson, * Vestergotl. Camb. Silur. Aflagr.' (1869), p. 62, pi. i, figs. 11—13. 
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pair of pits is the smallest and the basal tha largest. There is also a strong, broad 
occipital farrow furnished likewise with a similar pair of deep lateral pits, situated 
in the same longitudinal line as those on the glabella. The axial furrows are 
shallow and wide, and do not diverge suddenly in front as they do in C. verrucosa^ 
but resemble in their course those of G. aspera, ending also similarly in a pair of 
large, deep, terminal pits. The cheeks are somewhat wider than in G. verrucosa^ 
and the whole head-shield seems more transversely extended. The tubercles on 
the glabella are large, prominent, few in number, and tend to be arranged in pairs 
(as in G. aspera)^ and have some smaller tubercles interspersed. The anterior 
border, which Linnarsson figures in (7. aspera as armed with marginal spiniform 
tubercles, is not preserved in our specimen. 

A complete description of this Girvan form is not possible owing to the 
poorness of the available material, but it seems to me to bear more resemblance to 
G. aspera than to G. verrucosa^ though possibly it may be found to be specifically 
distinct from both. 

Dimensiam. — 

II 
(Prom Dow Hill, slightly compressed). 

6'50 mm. 
3-25 „ 
5-25 „ 
8-00 „ 

Gollections. — Mrs. Gray (I, II) ; Museum of Practical Geology (III). 

Horizons and Localities. — Balclatchie Group (Llandeilo) : Ardmillan ; Dow Hill. 



4. Cybele verrucosa, Dalman ?. 

1822. * Chaperon d'un Trilobite/ Brongniart, Hist. Nat. Crust. Foss., p. 145, pi. iv, fig. 11. 

1826. Calymene ? verrucosa, Dalman, K. Svensk. Vet. Akad. Handl., p. 285. 

1828. Calymene ? verrucosa, Dalman, Paleead., p. 76, 

1828. Calymene ? verrucosa, Dalman, Arsberiitt. Zool. Arbet., p. 134, note ^. 

1829. Calymene ? verrucosa, Ferussac, Bull. Sci. Nat., vol. xix, p. 128. 

1845. Trilobites (Calymene) verrucosa, Loven, Oiv. K. Svensk. Vet. Akad. Forban«ir, no. 3, p. 52, 

pi. i, figs. 5 a — c. 
1845. Cybele verrucosa, Loven, loc. cit., no. 4, p. 111. 

Remarks, — The one head-shield of a Gyhele from Craighead which may be 
attributed to this species closely resembles Loven's figure and description, but the 
larger tubercles on the glabella tend to range in four or five pairs down the centre. 
The state of preservation renders the specific identification doubtful ; and the reason 

17 







I 




(From Ardmillan). ( 


Length of head-shield 




9'0 mm. 


„ of glabella 




7-0 ,, 


Width of „ at base 




6-0 „ 


„ of „ in front 




— 


„ of cheeks at base . 
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for the omission of the synonymy of the species since Lov^n's paper was published 
is, because I have grave doubts wliich of the many types of Cyhele commonly re- 
ferred to it by subsequent authors and figured under this name can be considered 
as truly specifically identical. At any rate there are no other specimens from 
Girvan which can be probably attributed to it. 
iJimeuslous. — 
Length of glabella .... 6*0 mm. 

AVidth of „ in front . . . 4'5 „ 

„ „ at base . . . 3'0 „ 

Collection. — Museum of Practical Geology. 
Ihrrizon ami Localitf/. — Stinchar Limestone Group (Llandeilo) : Craighead. 



5. Cybele, sp. ind. (a), Plate XVII, fig. o. 

1879. Cheirurus? sp. ind. 6, Nicholson and Etlieridi;e, Mon. Siiur. Foss. Girran. fasc. ii, p. 203, 
pi. xiv, fig. 12. 

liemarl's. — The specimen from Balclatchie which Nicholson and Etheridge 
figured and described as the head-shield of * Cheirurus ? sp. ind. &,' shows the 
essential characters of a Ci/hrle ; but to what described species it should be referred 
is uncertain, and it is ])robably new. The figure does not represent the fixed 
cheeks accurately, for they are much flatter, and the anterior edge is hidden by the 
matrix ; the irregular lines on the surface are cracks due to slight crushing, but 
there is present a natural close pitting, while a straight, rounded, ocular ridge 
may be observed to run rather obliquely backwards from the first latei'al furrow of 
the glabella to the eye, bearing two large remote tubercles upon it. A similar 
tubercle lies in the middle of the cheek behind the ocular ridge. The pre-glabellar 
triangular prominence on the front border resembles that in C. loveni var. 
(jin'auf'usis and appears to be an enlargement of that seen in C, hellatula. In the 
general characters of the glabella and cheeks this specimen is allied to C. coi'onatay 
Nieszk., and to C. re,r, Schmidt,^ as well as to C. hellatnloy Dalman. 

ColhrtioH.—^^lvs. Gray (f. M.). 

Uarlzon (rnd Tjocalitij. — Balclatchie Group (Llandeilo) : Balclatchie. 



(>. Cybele, sp. ind. {h). Plate XVII, figs. C— 8. 

lientarLs, — The Llandeilo beds at Dow Hill have furnished a number of more 
or less imperfect head-shields and pygidia, which from point of size should appa- 
rently be associated together, and are not referable to any described species. In 
1 Schmidt, * Rev. Ostbalt. Silur. Trilob./ pt. ii. pp. 209 and 213, pi. xiii, figs. 21—27. 
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this form the head-shield is nearly three times as wide as long, and of a broad, 
semicircular shape. The glabella is short, convex, subcylindrical, expanding a 
little in front, about three quarters as wide as long, slightly swollen in front, and 
possessing three pairs of nodular lateral lobes, of which the anterior pair is the 
largest and the basal the smallest. The frontal lobe appears to be transversely 
rhomboidal, and has a pair of conspicuous tubercles in the middle. There is also 
a single tubercle midway between the anterior pair of lateral lobes. A strong 
occipital furrow marks off a convex neck-ring, furnished with a median tubercle. 
The axial furrows are deep. The fixed cheeks are very wide, being from two to 
three times the width of the glabella, and are gently convex, and bent down and 
backwards towards the genal angles. The neck-segment is narrow, but widens 
towards the genal angles, and is marked off from the cheeks by a strong furrow. 
The genal angles are rounded. The posterior branch of the facial suture appears 
to run nearly parallel with the hinder border of the head. The eyes are small, 
elevated, and situated at the level of the anterior lateral lobes of the glabella, 
lying at a distance from the glabella of more than half its width. A narrow, 
rounded, ocular ridge connects them with the glabella. The cheeks are pitted, and 
bear also four or five large remote tubercles. A few small tubercles are scattered 
over the glabella. 

The pygidium, which may be associated with this type of head-shield on account 
of its size, is sub-oval, with a conical axis tapering gradually to a bluntly pointed 
extremity, but not reaching the posterior margin of the pygidium. The axis is 
furnished with 2 — 3 complete rings at its anterior end, followed by about twelve 
narrow rings incomplete in the middle, leaving a smooth central space down the 
axis. The lateral lobes are formed by four pairs of simple, rounded, curved ribs 
of equal size, ornamented with small tubercles and separated by rather deep furrows. 
These ribs curve outwards and then backwards to run almost parallel with the axis, 
and end behind it in short free points of sub-equal length. 
Dimensions.-^ 

Width of head-shield . . . . 13*0 mm. 

Length of „ (imperfect) . . . + 4*5 „ 

„ „ glabella .... 4*5 „ 

Width „ „ at base . . . 3*0 „ 

Length „ pygidium . . . 3*5 „ 

Affinities. — The species which seem most nearly allied to this form are 
G. kutorgaSj Schmidt,^ and 0. hrevicaiida^ Ang." The head-shield also recalls that of 
0. verrucosa^ Dalm., but the state of preservation does not admit of a minute 
comparison. 

1 Schmidt, * Rev. Ostbalt. Silur. Trilob./ pt. ii, p. 217, pi. xv, figs. 11—14. 

2 Augelin, * Pal. Scand.,' p. 89, pi. xli, fig. 14; and Schmidt, op. ci7., p. 219, pi. xiv, figs. 7 — 10 ; 
pi. XV, figs. 15—17. 
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Colledimis. — Mrs. Gray ; Museum of Practical Geology. 
Honzonaiid ior^ZtV?/.— Balclatcliie Group (Llaudeilo) : Dow Hill. 



Genns DINDYMENE, Corda. 
1. Dindymene cordai, Etheridge and Nicholson, 1878. Plate XVII, figs. 9—11. 

1878. Dindymene cordai, Nicholson and Etheridge, Mon. Silur. Fobb. Qirvan, fasc. i, \\ 115, 
pi. viii, fig. 8, and p. 116, figs. 5 a, b. 
r 1880. Stavrocephalus ? sp. ind., Nicholson and Etheridge, op. ct7., fasc. iii, p. 283, pi. xix, fig. 3. 
1899. Dindymene cordai, Mem. Geol. Surv., Silur. Eocks Brit., vol. i, Scotland, pp. 517, 524, 672, 

689. 

Specific Characters. — Head-shield almost semicircular, slightly parabolic, 
strongly convex from side to side and from back to front; the sides are 
suddenly bent down on each side of the glabella, giving an angulated appear- 
ance to the front aspect. Glabella strongly convex, higher than cheeks, most 
elevated at about one third its length from base ; pyriform in shape, and pro- 
jecting in front of the cheeks ; widest at anterior end, narrowing posteriorly to 
base to about half the anterior width. No lateral furrows or lobes. Axial 
furrows deep, strong, nearly straight, converging posteriorly at about 30°. Occipital 
furrow strong. Occipital ring narrow. Cheeks strongly bent down on each side, 
tumid, not so elevated as glabella, subtriangular in shape, arched outward in front 
of genal angles, more than twice as wide as glabella at base. Genal angles broadly 
rounded. Neck segment rounded, narrow, marked off by strong furrows, and 
passing at genal angles into raised, rounded, smooth, lateral border surrounding 
head-shield and marked off from cheeks and glabella by strong, continuous, 
marginal furrow. No facial sutures or eyes. Surface of glabella and cheeks 
uniformly tuberculated, and cheeks in addition pitted. A single large median 
tubercle situated at about one third the length of the glabella. 

Thorax as long as head-shield, consisting of ten segments. Axis convex, 
prominent, gradually tapering ; axial rings rounded, with small median tubercle 
on each between a pair of lateral tubercles; on fourth ring a strong median 
spine (base only preserved) takes the place of the median tubercle. Pleura? 
rounded, divided into a posterior, prominent, raised, rounded ridge and a much 
narrower, lower, rounded, anterior band ; pleurae in contact only for a distance 
about equal to width of axis, then free and separate, tapering to long free points. 
Pleurse strongly arched downwards, and successively more curved backwards 
towards pygidium till they lie almost parallel Avith axis. A single row of minute 
tubercles ornaments each pleura. 
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Pygidium narrow, a little more than half the length of thorax ; axis long, 
conical, consisting of 10 — 12 rings, of which only the first 7 — 8 are distinct. 
Axial furrows narrow. Lateral lobes composed of only two pairs of pleurae, in 
contact for short distance and corresponding with first two rings of axis. First 
pair resembling thoracic pleurae, curved backwards strongly, nearly parallel with 
axis, with long, free, slightly curved, pointed ends. Second pair closely pressed 
against sides of axis and meeting behind it, to end in short free points, making a 
bifurcate extremity to the pygidium. 
Dimensions, — 

Length of head-shield . .5*5 mm. 



Width „ „ . 

Width of glabella at base 
Length of thorax 
Length of pygidium . 



10-0 
2-5 
6-5 
4-0 



Affinities. — This species is closely allied to D. fredenci-augusti^ Corda,^ as 
Nicholson and Etheridge have pointed out. The Swedish species D. oimatay 
Linnarsson,* is perhaps as closely related, and it possesses the tubercle or spine 
on the fourth axial ring of the thorax. The only other British species of Dindy- 
mene (D. hughestiaey Reynolds^) differs in the relatively larger head, distinctive 
ornamentation, characters of the pygidium, and absence of genal spines. 

The specimen figured by Nicholson and Etheridge as ' Staiirocephahis ? sp. ind.' 
(op, city fasc. iii, 1880, p. 283, pi. xix, fig. 3) seems to be an imperfect example 
of D. cordm. 

Collection. — Mrs. Gray (f. M.). 

Horizon and' Localities. — Whitehouse Group (M. Bala) : Whitehouse Bay. 
Drummuck Group (U. Bala) : Thraive Glen ; Drummuck. 



Family Calymenid.e. 
Genus CALTMENE, Brongniart. 
1. Calymene blumenbachi, Brongniart, 1822. Plate XVII, figs. 12, 13 (?). 

1750. A Nondescript Petrified Insect, Lyttelton, Phil. Trans., vol. xlvi, pp. 598, 600, pi. i, figs. 

3—12 ; pi. ii. 
1759. Entowolithus paradoxus, Linnseus, Act. Soc. Sci. Holm., p. 22, pi. i, fig. 3. 

1 Barrande, * Sjst. Silur. BoLeuie,' vol. i, p. 818, pi. xHii, figs. 25, 26. 
- Linnarsson, * Vestergotl. Camb. Silur. Aflagr./ p. 64, pi. i, figs. 15 — 17. 

« Reynolds. * Oeol. Mag.' [4], vol. i (1894), p. 108, pi. iv, figs. 1, 5 ; Keed, ibid., p. 246, pi. vii, 
figs. 4, 5. 
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1781. Trilobus tHbereulatus. Brunnich, Dansk. Yid. Selsk. Skrifter; Nje Samling, vol. i, p. 389. 

1^10. Trilobitei tuhercnlatHs, Blumenbaeh, Abbild. Naturk. Oegenst, pt i, fig. 50. 

1811. EntonioUthus paradojrus, Parkintson, Organic Remains, voL iii, p. 263*, pi. xrii, figs. 11, 13» 14. 

1818. Eniomoitracites tuberculatus, Wahlenberg {e, p.), Petrif. Suec., p. 31. 

1821. EniomoliiheB iuherculatus, Wahlenberg, Nov. Act. Upsala, vol. viii, pp. 6, 31. 

1822. Calymene blumenbachi, Brongniart, Hist. Nat. Crust. Foss., p. 11, pi. i, figs, la—c, 
182b*. Calymene tuberculata, Dalman, Palflead., p. 227, pi. i, figs. 3a — c, 

? 1837. Calymene hlumenbaehi, Hi»iiiger, Leih. Suec., p. 10, pL i, figs. 4a, 6. 

1831^. Calymene hlumenbachii, Murcliison, Silur. Svst., p. 653, pi. vii, figs. 6, 7 {non fig. 5). 

18:^:3. Calymene hlumenhachi, Bunneister (e. j).). Organ. Trilob., p. 96, pi. ii, figs. 1—3. 

1854. Calymene hlumenhachi, M*Coj {e. j>.), Sjnops. Pal. Foss. Woodw. Mus., p. 165. 

— Calymene suhdiademata, M*Coj (e j).), ibid., p. 166, pi. iF, figs. 9, 9a {non figs. 10, 10 a). 

— Calymene tuberculata, Angeliii (e. p.). Pal. Scand., p. 29, pi. xix, fig. 5 a (non cet.), 

t 1857. Calymene blumenbaehi, Nieszkowski, Arehiv Naturk Liv.-Est.-Kurl., «er. i, vol. i, p. 541. 
1865. Calymene hlumenbachii, Salter, Mon. Brit. Trilob., p. 93, pi. viii, figs. 7 — 16 ; pi. ix, figs. 1, 2. 
1873. Calymene blumenbachii, Salter (e. p.). Cat. Camb. Silur. Foss. Woodw. Mus., pp. 77, 132. 
1875. Calymene blumenbachii, Baily, Char. Brit. Foss., p. 67, pi. xxiii, figs, la, 6. 
1H77. Calymene blumenbaehi. Woodward (e. p.). Cat. Brit. Foss. Oust., p. 28. 
1879. Calymene blumenhachii, Nicholson and Etheridge (e. p.), Mon. Silur. Foss. Girvan, fasc. ii, 

p. 140, pi. X, fig. 6 (non figs. 2 — 5). 
1885. Calymene tuberculata, Lindstrom, Forteckn. Gotl. Silur. Crust., p. 63, pi. xvi, fig. 9. 
? 1890. Calymene tuherculata, Pompecki, Trilobitf. Ost. u. West-pieuss. Diluv. Geschieb. (Beitr. 

Naturk. Preuss. Phvs. Oek. Gesell. Kouigsberg), p. 40, pi. vi, fig. 19. 
? 1894. Calymmene tuberculata, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. iv, p. 13, pi. i, fig.-*. 1—7. 
1899. Calymene blumenbaehi, Meui. Geol. Surv., Silur. Kucks Brit., vol. i, Scotlaud, pp. 529, 530, 
536, 540, 543, 550 (non p. 524). 

Ueniarlcs. — It has been possible with the aid of the abundant material from Girvan 
and in the light of the suggestions put forward by Pompecki ^ to separate several 
distinct species from those grouped together by Nicholson and Etheridge as (7. 
himnenbdchi. The typical C blumenbaehi^ however, does occur in the Girvan area, 
tliough apparently it is limited to the Silurian. One example from MuUoch was 
H<,aire(l by Nicholson and Etheridge {op. cit. pi. x, fig. 6). The distinctive features 
of the Ordovician species hitherto associated with 0. blumenbaehi are given below. 
The large overhanging and more or less swollen frontal lobe of the glabella and 
the reduced size of the first lateral lobes are marked characteristics of the Silurian 
form. 

A possible variety with a somewhat angulated anterior margin and a longer and 
narrower glabella occurs in Mrs. Gray's collection from Newlands (PI. XVII, fig. 13). 

CUdlrctioiis. — Mrs. Gray (f. M.) ; Museum of Practical Geology; Edinburgh 
Museum; AVoodwardian [Sedg\N^ick] Museum. 

Horhons and Localities. — Mulloch Hill Group (L. Llandovery) : Mulloch Hill. 
Saugh Hill Group (M. Llandovery): Newlands; Woodland Point; Craigens. 
Penkill Group (Tarannon) : Penkill. 

* Pompecki, * Neues Jabrb. fiir Miner.,' 1898, vol. i, p. 197. 
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1 a. Caljrinene blumenbachi, auct., var. nov. drummuckensis. Plate XVII, 

fig. 14; plate XVIII, figs. 1—4. 

1851. Calymene hlumenbachiiy Salter, Quart. Joum. Geol. Soc., vol. vii, p. 172, pi. ix, figs, la, 1 h. 

1854. Calymene hlumenbachi, M'Coj {e. p.), Svnops. Pal. Fobs. Woodw. Mus., p. 165. 

1873. Calymene hlumenhachii, Salter (e. j>.), Cat. Camb. Silur. Foss. Woodw. Mus., p. 77. 

1879. Calymene hlumenborchi, Nicholson and Etheridge (e. p.), Mon. Silur. Foss. Girvan, fasc. ii, 

p. 140, pi. X, figs. 2—5 (nan fig. 6). 
1899. Calymene hlumenhachi, Mem. G^ol. Sury., Silur. Bocks Brit., vol. i, Scotland, pp. 524, 526 

(nan cet.). 

Remarks. — The specimens from the Drummuck beds attributed to 0. bliimenbachi 
by Nicholson and Etheridge {loc. cit.) are quite distinct from the typical Wenlock 
form, as the examination of a large series of specimens indicates. They cannot, 
however, be referred to either of the varieties allpcyi'tianaj Salter, or caractaciy 
Salter, though they are somewhat allied to the latter ; and they are also separable 
from G.senaria^ Salter {e. p.) {z= planimarginata), on account of the strongly-raised, 
rounded, frontal border as well as other features. 

Description. — The head-shield is parabolic and pointed in front, like C. caractaciy 

but the frontal border forms a strongly-rounded elevated rim as in typical examples 

of C. hlumeiUmchiy and the marginal furrow is deep and narrow, as in C. senaria, 

auct. {noil Salter). The glabella is longer than wide, but has a broader base than 

G. caracta^i owing to the lateral projection of the large basal lobes which are situated 

more than their diameter apart. The glabella is very slightly contracted in front 

of them (not so suddenly as in 0. blitmenbachi)^ the axial furrows bending inwards 

a little. The posterior lateral furrows are strongly bifurcated inwardly (well seen 

in casts). The second lateral lobes are rounded and intermediate in size between 

the anterior and posterior lobes, thus differing from all the types of G. senaiia. 

There is a buttress opposite them. The anterior lobes are small but distinct, and 

are not overhung by the frontal lobe as in G. blumenbachL The frontal lobe is 

xnuch shorter, narrower, and less swollen than in the typical specimens of the 

latter. The axial furrows are slightly sigmoidal, not straight as in G. caractaciy 

l)ut agreeing with (7. bhtmeiibachi. The eye is opposite the second lateral lobe. 

The fixed cheek has a width along the posterior margin about equal to the basal 

^vidth of the glabella. The surface of the head is coarsely but uniformly and closely 

granulated, all the granules being of equal size ; and there is a low median tubercle 

on the neck-ring. In G. blumenhachi there are scattered tubercles on the glabella. 

There appears to be no distinctive feature in the thorax ; and the pygidium is 

indistinguishable from the typical G. blnmenbachi which Salter has well illustrated.^ 

It may be remarked that the pleurae do not correspond with the axial rings 

even at the anterior end of the pygidium. The pleural furrows are only visible 

1 Salter, • Mon. Brit. Trilob.,' pi. viii, fig. 8c, pi. ix, figs, lb, 2b. 
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close to axis and near outer ends of pleurae. The hypostome of Galymene which 
occurs in the Starfish Bed and may be referred to this variety of G. hlumenhachiy 
possesses a few features differing from the typical form. It is wider in front, 
narrower behind, and altogether more elongate in shape. The posterior margin is 
more deeply emarginate and the posterior alae are not so far back. The body is 
more compressed and elevated, rising regularly to the median tubercle, and the 
band across the posterior end of the body is only faintly defined. 

In spite of the considerable differences in the glabellar lobes and other parts, 
it seems preferable to regard this form as only a variety of G. blumenbachiy though 
without doubt it is a well-marked one deserving a distinctive name. The designa- 
tion (7. hlumenhachi var. drummnekeiisis may be accordingly suggested. 

Collections. — Mrs. Gray (f . M.) ; Museum of Practical Geology ; Edinburgh 
Museum ; Woodwardian [Sedgwick] Museum ; Hunterian Museum. 

Horizon and Localities, — Drummuck Group (IJ. Bala) : Drummuck ; Thraive 
Glen (Starfish Bed). 

2. Calymene cambrensis, Salter, 1865. Plate XVII, fig. 16. 

1848. Calymene brevicapUaia, Salter, Mem. Geol. Surv., vol. ii, pt. i, pi. xi, fig. 3 (? figs. 4, 5). 
1854. Calymene brevicapitatu, M*Coy, Sjnops. Pal. Foss. Woodw. Mus., p. 165, pi. i f, figs. 4, 5 (non 

fig. 6). 
1865. Calymene blumenbachi, var. camhrensis, Salter, Mem. Geol. Surv., vol. iii, pi. xvii, figs. 13, 14. 
1865. Calymene cambrensis, Salter, Mon. Brit. Trilob., p. 98, pi. ix, figs. 12 — 14. 
1873. Calymene zantbrensis, Salter, Cat. Camb. Silur. Foss. Woodw. Mus., p. 33. 
1877. Calymene cambrensis. Woodward, Cat. Brit. Foss. Crust., p. 28. 
1879. Calymene blumenbachi, Nicholson and Etheridge (e. p.), Mon. Silur. Foss. Girvan, fasc. ii, 

p. 140 (non pi. x, figs. 2—6). 

RemarliS. — There exists, unfortunately, a state of great confusion and uncertainty 
in connection with most of the British Ordovician species of Galyniene. Pompecki^ 
has recently attempted to introduce some definiteness into our conceptions of the 
various species, but perhaps not with complete success, and this is not the place for 
a thorough revision of the species. Nicholson and Etheridge put all the Girvan 
Ordovician representatives of the genus into the species G. hlumenhachi^ as above 
recorded, and enlarged the synonymy of that species accordingly, but this is a 
course which I cannot consider justified. Only the Silurian forms of Galymene in 
the Girvan area may, in my opinion, be attributed to the true G. hlwneiibaA^liij and 
they are distinct from the Ordovician, amongst which may be recognised in this 
area three separate species — C. camhrensis^ Salter, G. planimarginataj sp. nov., 
and the Drummuck variety of 0. hlumenhachi which has been above described. 

The species G. camhrensis is characterised by its glabella being parabolic, short 
and broad, with convex sides, not contracted in front of the basal lobes ; by its three 
^ Pompecki, * Neues Jabrb. fur Miner.,' 1898, vol. i, p. 187. 
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pairs of graduated lobe3, the basal ones not showing such a great increase in size 
over the second as in G. senarvi, auct. ; bj its wide, flattened, slightly upturned 
frontal border; and by its short frontal lobe. The posterior lateral furrow 
bifurcates inwardly, as in (7. senaria^ auct. The axial furrows are not sigmoidal in 
their course, but gently arched outwards. 

There are well-marked but poorly preserved specimens from Craighead in 
Mrs. Gray's collection. The pygidium, of which there are also specimens from 
Craighead, is more pointed posteriorly, longer, and less transverse than in 
G. hlumetibachu 

Gollec^ions. — ^Mrs. Gray ; Museum of Practical Geology. 

Hoiizons and Localities. — Stinchar Limestone Group (Llandeilo) : Craighead. 
? Balclatchie Group (Llandeilo) : Ardmillan Brae. 



3. Calymene planimarginata, sp. nov. Plate XVII, fig. 15. 

? 1843. Calymene hrevicapitata, Portlock, Geol. Bep. Londond., pi. iii, fig. 8. 

? 1848. Calymene hrevicapitaia, Salter, Mem. Q-eol. Sury., vol. ii, pt. i» p. 341, pi. xi, figs. 1, 2. 

? 1854. Calymene hrevicapUata, M*Coy, Sjnops. Brit. Pal. Foss. Woodw. Mus., p. 165, pi. i p, fig. 6. 

1854. Calymene haylei, M'Coy, ibid., p. 165, pi. i p, figs. 8, 8 a, 8 h, 
? 1854. Calymene hrevicapUata, Morris, Cat. Brit. Foss., 2nd ed., p. 102. 

1865. Calymene eenaria, Salter (c. p.), Mon. Brit. Trilob., p. 97, pi. ix, figs. 8, 10, 11 (non figs. 9, 
? 6, ? 7). 

1877. Calymene eenaria. Woodward (e. p.). Cat. Brit. Foss. Crust., p. 29. 

1879. Calymene hlumenbachi, Nicholson and Etheridge {e, p.), Mon. Silur. Foss. Girvan, fasc. ii, 
p. 140 (non pi. x, figs. 2—6). 

1898. Calymene senaria (Salter, non Conrad), Pompecki, Neues Jabrb. fiir Miner., vol. i, p. 197. 

1899. Calymene hlumenhachi (a. p.), Mem. Geol. Surv., Silur. Bocks Brit., vol. i, Scotland, pp. 518, 
672, 688. 

Specific Gharactei'8. — This species is easily distinguished from G. hlumenhachi^ 
auct., by the shape of the glabella, the small frontal lobe, the flattened, instead of 
roimded, frontal border and the granulose, instead of tuberculated, surface. It 
agrees with G. caractaciy Salter, in the shape and nature of the frontal border, but 
differs in the shape of the glabella and lateral lobes. 

Remarks. — The species called " G, senaria^ Conrad," by Salter is a composite 
one, as Pompecki has pointed out. Of the figures given by Salter {op. cit.) only 
fig. 9 on pi. ix can be considered as representing the G. senaina^ auct., as held by 
Emmons, Hall, Meek, and White, though Pompecki is in doubt whether it is 
really the same form as Conrad meant. Salter's fig. 9, pi. ix (op. ciL)j was drawn 
from a Trenton Limestone specimen. The other figures given by Salter of 
C. senaria (pi. ix, figs. 6 — 8, 10, 11) represent British individuals; of these 
figs. 6 and 7 are the original figured specimens of G. hrevicapttatUy Portlock, 

18 
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from Tyrone, while figs. 8, 10, and 11 illustrate Welsh specimens. There is 
some doubt in my mind whether the specimens shown in figs. 6 and 7 belong 
to one and the same species ; for the frontal border of the head-shield is rounded 
in one (fig. 6) and flattened in the other (fig. 7), while the relative sizes of the 
glabellar lobes also differ. The Welsh specimens, however, agree in the flattened 
or concave upturned frontal border, in the basal width of the glabella being greater 
than or equal to the length, in the large size and lateral projection of the basal 
lobes, in the relatively small size of the second lateral lobes, in the contraction of 
the glabella immediately in front of the basal lobes, in the comparatively short 
frontal lobe, in the bifurcation of the posterior pair of lateral furrows, in the axial 
furrows being sigmoidal in course (though only slightly so), in the eyes being a 
little in front of the second lateral lobes, in the triangular, rather than transversely 
({uadrate, form of the pygidium, and in the granulose surface (according to Salter). 

Since the name seunria is not available for this form, that of planvniarginata 
is hero suggested. 

(\dlection. — Mrs. Gray; Museum of Practical Geology. 

Uorizon and Localitfj. — Whitehouse Group (M. Bala) : Shalloch Mill. 



4, 5. Calymene, sp. ind. (a) and (6). 

RpmarliS. — Two minute and imperfect head-shields of species of Calymene are in 
^Irs. Gray's collection from the Balclatchie Conglomerate. Neither is sufficiently 
well preserved to determine or describe the species; but they appear to belong 
to different species, one (sp. ind. a) with a long narrow glabella reaching the 
narrow, convex, rounded border, and the other (sp. ind. b) with a broader, 
shorter glabella having a rather swollen, broad, frontal lobe strongly elevated 
above the narroAv, feebly-rounded border. The head-shield of sp. a measures 
'5 luni. in length and that of sp. h 5 mm. in length. 

(Uillodiun. — Mrs. Gray. 

Honzoii and LocfdHt/. — Balclatchie Group (Llandeilo) : Balclatchie Con- 
fi^loniorate. 



Family Cheirurid^. 
Gemis CHEIRURXJS, Beyrich. 
1. Cheirurus bimucronatus (Murchison), 1839. Plate XIX, fig. 15. 

1839. Paradoxides bimucronatus, Murchison, Silur. Sjst., p. 658, pi. xiv, figs. 8, 9. 

1840. Paradoxides himucronatxis, Milne Edwards, Crust., vol. iii, p. 343. 
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1840. Calymene apeeioaa, Hisinger, Leth. Suec., 2nd suppL, pi. xxxix, fig. 2. 

1843. Argea himueronattis, Qoldf uss, Neues Jahrb., p. 544. 

1846. Cheirurua Jyimucronatus, Bejiich, Ueber b5hm. Trilob., pp. 18, 19. 

— J CheiruruB insignis, Beyrich, ibid., &g. i 1. 

? 1846. Cheirwrtu insignis, Barrande, Not. prelim., p. 49. 

1848. Cheirurua epeciosus, Salter, Mem. Geol. Sury., vol. ii, pt. i, p. 345, pi. vii, figs. 4 — 6. 

1849. Cerauma williammi, M'Coy, Ann. Mag. Nat. Hist. [2], vol. iv, p. 408. 
1851. CheiruruB bimucranatus, Salter, Quart. Joum. Q^ol. Soc., vol. vii, p. 172. 

? 1851. Cheirurua apecioaua, Angelin, Pal. Scand., p. 78, pi. xxxix, fig. 14; pi. xli, fig. 15. 

? 1852. Cheiruma inaignia, Barrand**, Syst. Silur. Boheme, vol. i, p. 782, pi. xli, figs. 1 — 13. 

1853. Cheirurua Jyimucronaius, Salter, Mem. Geol. Surv., dec. vii, pi. ii. 

1854. Ceraurua williamaii, M'Coy, Synops. Brit. Pal. Poss. Woodw. Mus., p. 155, pi. i p, fig. 13. 

— Cheirurua himVfCranatua, Morris, Cat. Brit. Poss., 2nd ed., p. 103. 

1864. Cheirurua himucrcmatua, Salter, Mon. Brit. Trilob., p. 63, pi. v, figs. 1—5 ; pi. vi, figs. 9—18. 

1866. Cheirurua bimucronatua, Salter, Mem. G^eol. Surv., vol. iii, p. 323, pi. xviii, figs. 4—6. 

1867. Cheirurua himueranatua, Murcbison, Siluria, 4th ed., pi. iii, fig. 5 ; pi. xix, figs. 10, 11. 
1873. Cheirurua Umucrmaiua, Salter, Cat. Camb. Silur. Poss. Woodw. Mus., pp. 17 ^ 86, 130. 

1876. Cheirurua himucronatua, Armstrong and Young, Cat. West. Scot. Poss., p. 15. 

1877. Cheirurua himucrtynatua, Woodward, Cat. Brit. Poss. Crust., p. 30. 

1878. Cheirurua himucronatua, Nicholson and Etheridfire {e,p,), Mon. Silur. Poss. Girvan, fasc. i, 
p. 100. 

1879. Cheirurua himucronatua, Nicholson and Etheridge, ibid., fasc. ii. p. 202, pi. xiv, fig. 9. 

1884. Chirurua apecioaus, Tornquist, Siljans. Tiilobitf. (Sver. Geol. Undersokn., ser. C, no. 66), 
p. 12. 

? 1884. Chirurua inaignia, Tornquist, ibid., p. 12, pi. i, fig. 9. 

1885. Chirurua himucronatua, Lindstrom, P5rteckn. Gotl. Silur. Crust., p. 45. 

— Chirurua apecioavs, Lindstrom, ibid., p. 44, pi. xii, fig. 11. 

1899. Cheirurua himucronatua, Mem. Geol. Surv., Silur. Kocks Brit., vol. i, Scotland, pp. 524, 532, 
538, etc. 

1900. Chirurua himucronatua, Wiman, Bull. Q^ol. Instit. Upsala, no. 10, vol. v, pt. ii, p. 169. 

Remarks. — This species occurs in both the Ordovician and Silurian beds of the 
Girvan district. Nicholson and Etheridge's figured specimen {pp. city pp. 100, 202, 
pi. xiv, fig. 9) came from Drummuck. Some unusually large specimens come from 
Thraive Glen, and are in Mrs. Gray's collection; one of these has a glabella 
measuring at least 42 mm. in length and a thorax over 65 mm. in width. 

A pygidium, probably attributable to this species, from Newlands (Mrs. Gray's 
collection), is remarkable for the great development of the first pair of pleurae, 
which reach back as free spines to double the length of the pygidium, while the 
second and third pairs are only of moderate length, and the members of the latter 
pair are in contact in the middle line, there being no central terminal point to the 
pygidium. A similar pygidium has been noticed by me from Woodland Point, but 
this has a very short central terminal point. There is considerable variation in 
the relative size of the pleurae of the pygidium and in the length of the spines 
amongst typical Wenlock examples in England ; but the excessive development of 
the first pair of pleura; recalls C. exsul^ Beyr., and C. gladiator^ Eichw. 



r 
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Collections. — Mrs. Gray ; Edinburgh Museum (f . M.) ; Museum of Practical 
Geolog}"; Woodwardian [Sedg\\-ick] Museum. 

Honzons and Localities. — Dnimmuck Group (U.Bala): Drummuck ; Thraive 
Glen. Saugh Hill Group (M. Llandovery) : Newlands ; Woodland Point. 
Camregan Group (U. Llandovery) : Penwhapple Glen ; Bargany Pond Bum. 



2. Cheirurus gelasinosus (Portlock), 1843. Plate XVIII, figs. 5, 6. 

1843. Amphion gelasinosue, Portlock, Gkol. Bep. Londond., p. 289, pi. iii, fig. 4. 

— Arge$ plano8pino$u$, Portlock, ibid., p. 272, pi. v, fig. 9. 

I84t5. Cheirurus gelasinoeut, Beyrich, Ueber buhm. Triiob., pt. i, p. 19. 

1851. Cheirurus gela$ino9U8, Salter, Quart. Joum. QeoK Soc., toI. vii, p. 170, pi. yiii, fig. 1. 

1853. Cheirurus gelasinosue, Salter, Mem. Geol. Surv., dec. vii, art. 2, p. 11. 

1859. Cheirurus gelasinosus, Murchison, Siluria, 2nd ed., p. 538. 

1864. Cheirurus gelasinosus, Salter, Mod. Brit. Triiob., p. 71, pi. v, figs. 6 — 8. 

1876. Cheirurus gelasinosus, Armstrong and Toung, Cat. West. Scot. Foss., p. 15. 

1877. Cheirurus gelasinosus. Woodward, Cat. Brit. Foss. Crust., p. 30. 

1879. Cheirunts gelasinosus, Nicholson and Etberidge (e. p.), Mon. Silur. Foss. Oinran, fasc. i, p. 100 

(noH pi. vii, figs. 5, 6). 
1899. Cheirurus gelasinosus. Reed, Quart. Joum. Geol. Soc., vol. Iv, p. 748. 

Remarks. — Though the head-shields attributed to this species by Nicholson and 
Etheridge (op. cit.) belong to the subgenus NieszhoicsJcia (p. 142) and are quite 
distinct from the true C. gelasinosxis^ yet the latter species really occurs in the 
limestone of Craighead, and also of Minuntion. Salter in 1851 (Zoc. cit.) gave a 
good figure of a head-shield of this species from Craighead. The Russian species 
C. exsiil^ C. 82)inulo8usy and C. gladiator^ which come from approximately the same 
stratigraphical horizon, have very similar head-shields, and are closely allied forms. 

There is a portion of the thorax of a large Cheirurus from Craighead which 
belongs presumably to this species, as it is of the right size and proportions to 
fit the head-shield. But the thorax of C. gelasinosus has not been previously 
described. This specimen shows a convex cylindrical axis about two thirds the 
width of the pleurae, which consist of an inner straight portion traversed by a short 
oblique furrow, and of an outer, rounded, and unfurrowed, gently curved portion, 
tapering to a free point. The base of this outer portion is somewhat swollen, and 
at its junction with the inner portion the pleura is constricted, and it is here that 
the fulcrum is situated. The tubercle situated at this point in C. himucronatus is 
not apparent, perhaps owing to the state of preservation, but in other respects 
the thoracic rings appear to be almost indistinguishable from those of this species. 

Some fragments of head-shields from the Balclatchie conglomerate, which are 
in Mrs. Gray's collection, may belong to this species. 

Collections. — Mrs. Gray ; Museum of Practical Geology. 
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Hm'izon and Localities. — Stinchar Limestone Group (Llandeilo) : Craighead ; 
Minuntion. ? Balclatchie Group (Llandeilo) : Balclatchie Conglomerate. 



2 a. Cheimrus gelasinosus (Portlock), var. Plate XVIII, fig. 7. 

Descnption. — There is a small glabella from Balclatchie in the Museum of 
Practical Geology which is seen to differ from G. gelasinosus, Portlock, in several 
particulars when closely examined. The glabella is subquadrate in shape, 
nearly as wide as long, and slightly expanding towards the front ; the sides are 
nearly parallel. There are three pairs of lateral furrows, all rather long and 
extending more than one third of the distance across the glabella. The first pair 
is very far forward, starting from the anterior lateral angles and sloping backwards 
obliquely ; the second pair is at the middle of the glabella, and the furrows are 
straight and horizontal ; the third pair is about half way between the second pair 
and the occipital furrow, and the furrows are oblique and curved, almost enclosing 
the triangular basal lobes. The occipital segment is narrower than the lateral 
lobes, and bears a median tubercle. The axial furrows are deep, straight, and 
nearly parallel. There is a narrow, rounded, frontal border before the glabella. 
The surface of the glabella is evenly granulated, but not tuberculated. 

Dimensions. — 

Length of glabella . . lO'O mm. 

Width „ „ ... 8-0 „ 

Remarks. — This form differs from C. gelasinosus in the granulated, non- 
tuberculated surface, the more forward position of the first lateral furrows, the 
different directions of the three pairs of lateral furrows, and the narrower neck- 
ring. It is certainly distinct from the Craighead type of G. gelasinosus, and the 
non-parallelism of the lateral furrows marks it off from Portlock's Tyrone examples. 

Gollection. — Museum of Practical Geology. 

Hoiizon and Locality. — Balclatchie Group (Llandeilo) : Balclatchie. 



3. Cheimrus (Cyrtometopus) octolobatus (M^Coy), 1849. Plate XVIII, figs. 

8—11. 

1849. Sphasrexochtis juvenis (c. j>.), Salter, Mem. Geol. Surv., vol. ii. pt. i, p. 344, pi. vii, ^^. 36 {non 

figs. 1, la, 2, 3, 3a). 
1849. Ceraurus octolohcUvs, M'Coy, Ann. Mag. Nat. Hist. [2], vol. iv, p. 407. 
1851. CerauruB octolohaius, M'Coy, Synops. Pal. Foss. Woodw. Mus., p. 154, pi. io, fig. 10. 

1853. Cheirurua octolobatus, Salter, Mem. Geol. Surv., dec. vii, art. 2, p. 11. 

1854. Ceraurus octolohatvs, M'Coy, Contrib. Brit. Pal., p. 146. 

1864. Cheirurus (Actinopeltia) odolohatua, Salter, Mon. Erit. Trilob., p. 69, pi. v, figs. 13, 14. 
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1866. Cheirurus octolohatus, Salter, Mem. Gkol. Suit., toI. iii, p. 823, pi. xriii, fig. 3. 
1873. Cheirurus octolohatus, Salter, Cat. Camb. Silur. Fobs. Woodw. Mus., p. 51. 

1876. Cheirurus clavifrons, ArmstroDg and Young, Cat. West. Scot. Foss., p. 15. 

1877. Cheirurus (Actinopeliis) octolohatus. Woodward, Cat. Brit. Foss. Crust.. j». 81. 

1878. Cheirurus clavifrons (?), Nicholson and Etheridge, Mon. Silur. Foss. Girran, &sc. i, p. 101, 
pi. vii, figs. 7, 8, ? 9 ; and fasc. ii. p. 202, pi. xiv, fig. 10. 

1891. Cheirurus (Actinopeltis) octolohatus. Woods, Cat. Type Foss. Woodw. Mus., p. 142. 

Iteviarks. — There exists much doubt whether G. octolohatus^ M*Coy, is identical 
with C. clavifro7i8y Dalm. ; and as we are not in a position at present to settle the 
matter it seems safer to keep the British forms apart rather than to assume a 
l)0ssibly non-existent specific identity. Moreover, so far as the Girvan specimens 
indicate, the eyes are too far back for G. clavifrons as interpreted by Schmidt,^ 
IJrogger,- and other continental palaeontologists, and the posterior branch of the 
facial suture diverges at a level between the second and third lateral furrows of 
the glabella. The anterior part of the head-shield also differs in the amount 
of bending down. 

The pygidia of C. clavifrons and of the allied 0. affinis^ Angelin, are of a type 
(juite distinct from that associated with these Girvan head-shields. On the other 
hand, these Girvan specimens agree minutely in the features of the head-shield, 
thorax, and pygidium with those figured as G. octolohatus by Salter {op. cit.^ 1864), 
though some of them are of a larger size, one head-shield measuring 27 mm. in 
length. It may be remembered that Salter's type of this species (op. cit.^ pi. v, fig. 13) 
came from Penwliapple in the Girvan area. There is in Mrs. Gray's collection one 
excellent specimen of the whole thorax with pygidium attached, showing with great 
clearness all the characteristic features of the species as described by Salter, except 
that the axis is rather narrower. The species is rather common in the Sholeshook 
Limestone of the Haverfordwest district. 

(\illections. — Mrs. Gray (f. M.) ; Edinburgh Musemn. 

Horizon and Landltirs. — Drummuck Group (U. Bala): Drummuck; Thraive 
(Jlen; Penwhapple. 



4. Cheirurus (Nieszkowskia) unicus (Wyville Thomson), 1857. Plate XVIII, 

figs. 12—16. 

1857. Acidaspis unica, Wyville Thoinsou, Quart. Journ. Geol. Soc, vol. xiii, p. 209, ^1. "vi, figs. 

13, 14. 
1857. Staurocephalus ? maclareni, Wjville Thomson, MS. (^. p.), Coll. Mus. Pnut. Geol. 
1865. Statirocephalns ? unicus, Salter (e. p.), Mon. Brit. Trilob., p. 86, pi. vii, figs. 23, 24 (non 

%.22). 

1 Schmidt, * Rev. Ostbalt. Silur. Trilob.,* pt. i, p. 153, pi. viii, figs. 4—6; pi. xvi, figs. 7—12. 

2 Brogger, * Die Silur. Et. 2 und 3/ p. 131, pi. v, figs. 1, 2, ? 3. 
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1865. Stauroeephalus ? maclareni, Salter, ibid., p. 86. 

— Stauroeephalus ? unicus, Salter (e. p.), Mem. Geol. Surv., dec. xi, art. 5. 

? 1876. Stauroeephalus ? unieus, Armstrong and Young, Cat. West. Scot. Fosj»., p. 16. 

1877. Stauroeephalus ? unicus. Woodward (e. p.), Cat. Brit. Foss. Crust., p. 59. 

1878. Stauroeephalus ? unicus, Nicholson and Etheridge (c. p,), Mon. Silur. Foss. Girvan, fasc. i, 
p. 118, pi. viii, figs. 10, 11 (non figs. 9, 12 — 16). [Fig. 11 is the type specimen of Stauro,? 
rruLclareni, Wyv. Thorn. MS., Coll. Mus. Pract. Q^ol.] 

1878. Cheirurus gelasinosvs P, Nicholson and Etheridge, ibid., p. 100, pi. vii, figs. 5, 6. 

— Stauroeephalus maclareni, Etheridge (e. p.), Cat. Camb. Silur. Foss. Mus. Pract. Geol., p. 39. 
1899. Stauroeephalus unicus (e. p.), Mem. G^ol. Surv., Silur. Bocks Brit., vol. i, Scotland, pp. 509, 

674, 689. 

Specific Characters. — Head-shield broadly semicircular, nearly three times as 
broad as long. Glabella broadly oval, truncate at base, strongly convex, rising 
twice as high as the cheeks ; three pairs of lateral furrows, the basal pair strongly 
oblique and incompletely marking off triangular basal lobes, the two anterior pairs 
of furrows less oblique, but parallel with one another, the more anterior pair close 
to the front end of the glabella, and all the furrows extending about one third of 
the way (or rather less) across the glabella. The basal lobes extend farther along 
the side of the glabella than the middle or first lateral lobes, and are larger than 
either. Surface of glabella ornamented with small, irregular, somewhat sparse 
tubercles. Fixed cheeks gently convex, pitted, more than twice as wide as glabella. 
Narrow anterior wing present to fixed cheek in front of eye, joining on to smooth, 
flattened, pre-glabellar border. Eye of moderate size, situated opposite middle 
lateral lobe or a little behind it. Occipital ring at base of glabella of moderate 
size, of regular width, marked off by strong furrow. Behind the cheeks the neck- 
segment widens towards the genal angle, which is produced into a short point. 
The neck-segment is tuberculated, like the glabella. 

Thorax of twelve segments. Axis, strongly convex, narrow, half as wide as 
pleural portions, cylindrical, very slightly tapering posteriorly. Axial rings simple. 
PleursB horizontally extended, straight as far out as the weak fulcrum which is 
situated at about two thirds their length; beyond the fulcrum they are gently 
curved backwards and a little downwards. Each pleura is narrow and of uniform 
width, except beyond the fulcrum, where it tapers gradually to a pointed extremity ; 
a median longitudinal furrow runs along it, marked with a row of minute pits. A 
single longitudinal row of small tubercles ornaments the anterior and posterior 
portions of each pleura. 

Pygidium short, broad, with much developed first pair of pleurae. Axis con- 
sists of two complete rings, followed by a triangular piece forming more than 
half the axis, and bearing an incomplete transverse groove near its anterior end. 
Axial furrows indistinct, the second axial ring merging into the base of the 
second pair of pleuras. Lateral lobes consisting of two pairs of pleuras, of which 
the first is much the larger, being produced into long, backwardly directed, and 



144 



TRILOBITES OF GIRVAN. 



sliglitly divergent spines, twice or three times as long as the whole pjgidium. 
The first pair of pleurae broaden rapidly to the point where they begin to curve 
back, beyond which they taper into the free spines ; a short median furrow marks 
their basal portion. The second pair of pleursB are not grooved, are very short 
and broadl}' triangular, expanding very rapidly from their narrow base, and uniting 
behind the axis, so as to form the nearly straight posterior margin of the pygidium. 
(It is probable that the triangular piece apparently belonging to the axis consists 
of one axial ring and its corresponding pair of pleurae fused in the median line.) 
Surface of pygidium tuberculated like head-shield. 



JDimensious. — 
Length of head-shield 
Width „ 



Length 
Width 
Length 
Width 

Length 

Width 

Bem-arl-ii.- 



glabella 



thorax 



(across middle) 



axis 

pygidium (without spines) 



V II 

? mm. . 8'0 mm. 

17-0 ,. . 24-0 

7-5 „ 10-0 

6-0 ,. . . 8-5 

80 „ . . 10-5 

12-5 „ (crushed) . 24-0 

20 „ ,. 5-0 

3-0 „ . . — 

-There has been much uncertainty and confusion about this species, 
which was founded by Wy^nlle Thomson primarily on some pleurae attached to an 
imperfect pygidium, and was called Acidaspis vnica. These pleurae have a median 
groove, in which lies a row of pits, as Salter correctly represented in his figure, 
remarking in the description of the species that this was a character found in the 
genus EccoptocheiLe. Nicholson and Etheridge figured a number of specimens 
under the name Staurocephalus ? nnlcus (M., fasc. 1, 1878, p. 118, pi. viii, figs. 9-16), 
but only a few of them can be retained in this species (i.e. figs. 10, 11, non figs. 
0, 12-10). The best figured specimen from Girvan (M., pi. viii, fig. 10) is much 
more nearly perfect than the figure given by these authors indicates. In this speci- 
men the base of the glabella is preserved, and it shows one pair of very oblique 
basal furrows incompletely marking off triangular basal lobes. The glabella appears 
to be of an oval shape. The eye is situated on the pitted cheek at the level of this 
basal furrow and not far from the axial furrow. The genal angles are provided 
with short spines, and the occipital segment is rounded and ornamented with a few 
tubercles. The glabella is ornamented with somewhat sparse small tubercles. 
The pygidium shows a pair of enormously-developed first pleurae, grooved near 
their base ; the second pair of pleurae are very short, broad, triangular, expanded, 
and abruptly truncated posteriorly, and meeting in the middle line behind the 
pointed axis. The twelve thoracic rings are not very well shown in this specimen, 
but fortunately another specimen of an individual, complete on one side, except 
^ Tliis is the specimen figured by Nicholson and Etberidge (op. cii,, pi. viii, fig. 10). 



CHEIRURUS UNICUS. 145 

the posterior part of the pygidiiim, and several detached, nearly perfect head-shields 
and pygidia of identical characters, are known from the same locality, Balclatchie, 
and provide us with the means of giving the above complete description of the 
species. The head-shields figured by Nicholson and Etheridge (M., fasc. I, 1878, 
p. 100, pi. vii, figs. 5, 6) as belonging to Gheirnrus gelasinosns ? are found to belong 
to G. (Nieszk.) xmicus. 

A few remarks are necessary as to the generic position of this species. 
The characters of the head -shield, the oval glabella without a stalk, and the 
longitudinally furrowed simple pleuraa of the thorax, are amply sufficient to separate 
it from StanrocephaltcSj and to suggest its location in Eccoptocheile or Nieszkowskia. 
The relations of these subgenera or genera have been discussed by me ^ elsewhere. 
The view more recently expressed by Raymond* that Nieszkowskia is a senile 
expression of Psendosphderexoch/its does not commend itself to me. The characters 
of the pygidium decide that this Girvan species should be placed in Nieszkoicskia. 
The peculiar oblique basal pair of glabellar furrows are an additional point in 
favour of this reference, and the resemblance to the species of this subgenus 
described from the Ordovician Stage C of the Baltic provinces is very striking.* 
The pygidial characters are closely similar; the hugely developed first pair of 
pleurae, the much reduced non-furrowed second pair, the axis of two complete 
rings, with the pointed triangular piece behind marked by an incomplete furrow 
near its anterior end, are features clearly seen in N. variolariSy Linnarsson.* 

With regard to British forms and the confusion connected with this species, 
Wyville Thomson's description of his original type specimen is correct so far as it 
goes. Other specimens collected and similarly named by him which I have 
examined, make it clear that Salter's figured examples of the pleurae and pygidium 
also belong to the same species, and the figures correctly indicate their characters. 
But the head-shield attributed by Salter {op. city pi. vii, fig. 22) to this species does 
not belong to it, as the complete individuals from Girvan prove. Nicholson and 
Etheridge {op. cit.) have likewise confused two species under this name ; their 
description of Gh {N.) unicits is therefore faulty, and only some of their figures are 
of specimens really attributable to it (M, pi. viii, figs. 10, 11, non figs. 9, 12 — 16). 
Furthermore, the pygidium attached to the pleurae figured by Salter {op. cit), and 
to the complete individual figured by Nicholson and Etheridge (M, fig. 10), agrees 
with the imperfect one from Penwhapple Glen, called by the MS. name Stauro- 
cephahis rnaclareni by these authors and figured by them (M, pi. viii, fig. 11). But, 
on the other hand, the specimens of head-shields labelled S. maclarcniy MS., by 
Wyville Thomson and presented by him to the Museum of Practical Geology, 

1 Eeed, *aeol. Mag.' [4J, vol. iii (1896), p. 162. 

' Eaymond, 'Ann. Carnegie Mus./ vol. iii, no. 2 (1905), p. 374. 

3 Schmidt, ' Eev. Ostbalt. Silur. Trilob ,' pt. i, pp. 179—188, pi. ix, figs. 1—16 ; pi. xi, figs. 25—28. 

♦ Linnarsson, * Vestergotl. Camb. Silur. Aflagr,' p. 60, pi. i, fig. 6. 
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where I have examined them, agree with that figured by Salter erroneously (op. 
eit., pi. vii, fig. 22) as the head-shield of St. unlcns. It is not certain whether 
Wvville Thomson considered the head-shields or the pygidium as the type of his 
MS. species, .S7. marlareni. As he apparently confused two distinct species under 
this name by associating a detached pygidium of one (Ch. unicus) with the detached 
head-shield of another {Sphxn^conjphe thomsoni, sp. nov.), it seems better to let the 
MS. name St. madareni drop. Fortunately, his type of Ch. unicus is clear and 
sufficient for identification and comparison. 

ColWtions. — Mrs. Gray (f . M.) ; Museum of Practical Geology ; Woodwardian 
[Sedgwick] Museum ; Hunterian Museum. 

Horizons awl Loralitips. — Balclatchie Group (Llandeilo) : Balclatchie; Pen- 
whapple Glen. ? Balclatchie Conglomerate. 



o. 



Cheirurus (Sphserocoryphe) thomsoni, sp. nov. Plate XVIII, fig. 17; Plate XIX, 

figs. 1—7. 

1865. Stanrocephalm r unicus, Salter (e. p,), Mon. Brit. Trilob., p. 86, pi. vii, fig. 22 (non figs. 23, 24). 

r 1876. Deiphonforhesii, Armstrong and Young, Cat. West Scot. Fobs., p. 16. 

*r — Stanrocephalus unicus, Armstrong and Yoiing, ibid., p. 16. 

1877. Staurocephalus ? unicus, Woodward (e. p.). Cat. Brit. Foss. Crust., p. 59. 

1878. Siaurocephalus maclareni, Etheridge (e. p.). Cat. Camb. Silur. Foss. Mus. Pract. Geol., p. 39. 
— Staurocepkalus ? unicus, Nicholson and Etheridge {e. p.), Mon. Silur. Foss. Girvan., fasc. i, 

p. 118, pi. viii, figs. 9, 12 — 16 (wow figs. 10, 11) ; and p. 120, woodcuts 6 a, b. 
1899. Staurocephalus unicus (e. p.), Mem. Geol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 509, 
674, 689. 

Siifrifir Characters. — Head-shield transverse, broadly semicircular, with 
prominent glabella, consisting of large, swollen, subglobular anterior portion over- 
hanging front margin, and about one third the width of the head-shield, sup- 
ported by short, narrow neck, much depressed, with one pair of small lateral 
nodular lobes. Surface of glabella finely tuberculate. Axial furrows deep. Fixed 
cheeks triangular, convex, but much lower than globular portion of glabella; 
surface pitted. Narrow, smooth, lateral border to fixed cheek, with lateral edge 
furnished with two short obtuse spines. Occipital segment narrow, smooth. 
Genal angles furnished with strong curved spines, reaching back to about third 
thoracic pleurae. Facial sutures acutely bent, the branches meeting at the eye at 
an angle of about 60°. Eyes small, prominent, placed far forward, but behind 
middle of globular portion of glabella. Free cheeks very small, triangular, placed 
on the front margin of the head-shield. 

Thorax of ten segments ; axis cylindrical, convex, about half as wide as pleural 
portions. Pleurae gently curved downwards and backwards; inner portion 
straight, semicylindrical, feebly convex, but suddenly raised at fulcrum into a 
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nodular swelling and constricted transversely just beyond. Fulcrum situated at 
rather less than half the length of pleura. Extra-fulcral portion of pleura 
depressed, semicylindrical, curved backwards, and ending in free point. Facets 
for articulation present on inner portion of pleura. The last body-ring appears 
to be fused with the front of the pygidium in adult individuals, and to have its 
pleurae rather broader and shorter. Surface of thorax granulated. 

Pygidium short, broad; central portion consisting of a wide, ill-defined, conical 
axis, composed of three prominent rings and a small posterior piece. Axial furrows 
nearly obsolete. One pair of huge pleurae, with broad bases embracing the whole 
side of the axis, and forming the lateral lobes, produced backward into broad, 
divergent spines more than twice the length of the pygidium. The base of these 
pleurae extends along the whole lateral border of the pygidium, the posterior border 
between them being simpl}'' rounded and arched backward gently. There is no 
second pair of pleurae. A faint median longitudinal groove is seen on the basal 
portion of the pair of pleurae, and the more distal portion is weakly angulated 
longitudinally. On both sides of the axis, in the axial furrows, are situated three 
pairs of deep pits, corresponding with and at the ends of the intersegmental 
furrows across the axis. Surface of pygidium (including spines) finely granulated. 
Bemarks. — The head-shield of this species was figured by Salter {op. city pi. vii, 
fig. 22) as belonging to Statirocephalus unicuSy Wyv. Thomson, but two crushed 
Jiead-shields from Piedmont Glen presented by Wyville Thomson to the Museum 
of Practical Geology as examples of his MS. species Stanrocephahis maclareni are 
apparently identical. The pygidium, however, in the same collection, labelled 
also by Wyville Thomson as belonging to the same species, has been shown above 
not to belong to these head-shields, but to be really attributable to Oh. (Nieszk.) 
unicusy sens. str. It is doubtful, therefore, on which specimen he founded his 
MS. species. The head-shields figured by Nicholson and Etheridge (M., fasc. I, 
1878, pi. viii, figs. 9, 12-16, non. figs. 10, 11) as Staurocephalus unicus are almost 
identical with that figured by Salter. These authors also examined Wyville 
Thomson's specimens mentioned above, and state that the two head-shields from 
Piedmont Glen fully bear out Salter's view of the identity of S. unicus with 
8. maclareni. It appears, therefore, desirable, in the presence of all this confusion, 
to give a new name {Sph. thomsoni) to these head-shields, especially as we have 
now found also the thorax and pygidium attached to the head in complete 
individuals. The specimen of a pygidium from Shalloch Mill, figured in a wood- 
cut by Nicholson and Etheridge (M, p. 120, woodcuts 6 A, B) as " Staurocephalus 
? aniens, possibly a variety of it, or a new species," is also referable to this species. 
There is a fairly distinct variety of this species from the Balclatchie Group, 
the head-shield of which was figured by Nicholson and Etheridge, as above stated. 
In this the globular portion of the glabella scarcely overhangs the front margin, 
but is pressed back, so as almost to conceal the basal nodules (which are much 



148 TRILOBITES OF GIRVAN. 

reduced) and the neck. In other respects these head-shields do not offer any 
marked or constant points of difference from the Drummuck examples, and the 
pygidia are indistinguishable. The shape and relations of the glabella i-esemblc 
Spltxrocoryphe hnbneri, Schmidt,^ but this species has no lateral spines on the 
margin of the cheeks. N. fjnnu(Uituiij Angelin,*- which also bears much resem- 
blance, has only one latei-al spine instead of two. The Balclatchie specimens aiv 
generally of smaller size than the others, but whether they are a distinct variety 
or species is doubtful, owing to the absence of satisfactory material. 

The type form comes from Thraive Glen and the Starfish Bed, and is closely 
allied to Sphxrocoruphe denUitay Ang., S. grauulata^ Ang., and S. cranium^ Nieszk. 
The characters of the hejul-shield of tiphn^rocoryphs separate it from the genus 
SlaurociphaluSf sens, str., and those of its pleura? fix)m Nieszkotcskia. The extra- 
ordinary development of the first and only pair of pygidial pleurae recalls the 
condition of l)eiphon forbesi, in which the hiteral lobes of the pygidium have 
likewise disappeared. 

Collections. — Mrs. Gray (f. M.) ; Museum of Practical Geology; Edinburgh 
Museum; Woodwardian [Sedgwick] Museum. 

Hurhons and Loailitirs, — Type form. Drumnuick Group (U. Bala) : Thniive 
Cilen; Drummuck; (and Starfish Bed). Whitehouse Group (M. Bala) : Shalloch 
Mill. Variety. Balclatchie Group (Llandeilo) : Balclatchie ; Dow Hill. 



0. Cheirurus (Toungia) trispinosus, Young, 1808. Plate XIX, figs. 8 — 12. 

1868. Cheinirus irispitwsus, Youn^, Proo. Nat. Hist. Soc. Glasgow, vol. i, p. 169, j)l. i, figs. 4, 6 6. 
1876. Cheirurus trisjfinosus, Armstrong aud Young, Cat. West. Soot. Foss., p. 15. 
1878. Cheirurus trispinosus, Ethoriilge, jun., l^roo. Roy. Phys. Soc. Edinb., vol. iv, p. 173. 
— Cheirurus trispinosus, Nicholson and Etheridgts Mon. Silur. Fobs. Girvan., fasc. i, p. 105, 
pi. vii, figs. 10-17. 
1885. Youtujia trispinosa, Lindstrom, Fiirteckn. Gotl. Silur. Crust. (Ofv. K. Vet Akad. Furhandl.. 
no. 6), p. 49. 

1898. Youngia trispinosa, Reed, Geol. Mag. [4], vol. v, p. 212. 

1899. Cheirurus trisjfinosu^, Mem. Geol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 672, 688. 

Spei'ijic Characters. — Head-shield probably semicircular in shape, witli long 

spines to genal angles. Glabella subcircular, strongly convex, truncated posteriorly 

by occipitiil furrow, slightly overhanging in front, nearly three fifths the total 

width of the head-shield (without the spines), and as broad as long. Three pairs 

of lateral furrows present; anterior pair short, shallow, inconspicuous, and far 

forward; middle pair well marked, curved back, obliijue, extendhig over about 

one third the width of the glabella on each side ; posterior or basal pair deeper 

1 Schmidt, *Rov. Ostbalt. Sihir. Trilob.,' pt. i, p. 168, pi. viii, figs. 11, 12. 

- Angelin, * Pal. Scand.,' p. 76, pi. xxxix, fig. 4; and Schmidt, op. ciL, p. 169, pi. viii, figs. 17—19. 
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than the others, curving strongly backwards and becoming weaker before uniting 
with occipital furrow, so as to mark off transversely oval basal lobes, each more 
than one third the basal width of the glabella. Occipital furrow well marked, 
nearly straight, separating off prominent occipital segment, which is rounded and 
produced behind medianly into a strong, curved, nuchal spine. Axial furrows deep. 
Fixed cheeks small, short, narrow, less than one third the width of the glabella, 
bent down on each side, with broad rounded border defined by strong marginal 
furrow, and with genal angles furnished with long, rounded, divergent, tapering 
spines, curved downwards like the nuchal spine. Facial sutures cutting outer 
margin of head-shield at level of basal furrows of glabella and at right angles to 
axial furrows. Anterior wing of fixed cheeks very narrow and flattened. Free 
cheeks subtriangular ; eye small, prominent, conical; border broad rounded. 
Surface of head-shield and spines ornamented with coarse tubercles, intermixed 
with smaller ones irregularly distributed. Extremities of spines longitudinally 
striated. 

Axis of thorax broad, convex. First axial ring furnished with pair of small 
lateral processes on anterior margin. Surface of ring divided into smooth, pos- 
terior, semilunar portion (for enrolment), and raised anterior portion furnished 
along its posterior edge with single row of small tubercles. Remainder of thorax 
and pygidium unknown. 

Remarks. — The name Youngia was proposed by Lindstrom {op. cit.j p. 50) in 
1885 as a generic designation for this and two allied species. Unfortunately, our 
knowledge of it is scanty, the material being imperfect or fragmentary. Nicholson 
and Etheridge {op, cit.y p. 105) do not give a very satisfactory account of the 
specific characters, but I have now been able to add a description of the free 
cheek and of a thoracic ring, as well as to supplement that of the glabella and 
fixed cheek. Though this genus has so far only been found in the Silurian in 
Scotland and Gotland, yet in the Urals Tschemyschew ^ has described a species 
(Y. uralica) from the Lower Devonian. 

Collections. — Mrs. Gray ; Museum of Practical Geology ; Hunterian Museum, 
Glasgow. 

Horizon and Localitf/. — Penkill Group (Tarannon) : Pcnkill. 



7. GheiruruB, subgen. et sp. ind. {a). Plate XIX, fig. 18. 

From Dow Hill there are two small hypostomes in Mrs. Gray's collection which 
may belong either to Gh. {NieszJc.) uiiints or to Oh. {Sphsero.) thomsoni, var. They 
possess a convex elliptical body, separated by a deep groove from a narrow 
rounded border embracing the sides and posterior end, nearly rectangular at 

*» Tschemyschew, *Mcm. Com. Geo!. St. Petersb./ vol. iv, no. 3 (1893), pi. i, fig. 5, 
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tlie posterior lateral angles, and deeply notched on each side anteriorly. A very 
narrow band also runs round the front end of the body, but no lateral wings are 
preserved. 

Collection. — ^Mrs. Gray. 

Honzon and Locality. — Balclatchie Group (Llandeilo) : Dow Hill. 



8. Cheirurus, subgen. et sp. ind. (/>). Plate XIX, fig. 14. 

A slightly different type of Cheirurid hypostome occurs at Balclatchie, and is 
represented in Mrs. Gray's collection. Its true specific reference is doubtful. 
The body is subconical and convex, bluntly pointed behind, with a pair of oblique 
lateral furrows close to the posterior end and nearly meeting in the middle. A 
small median tubercle is situated on the granulated surface of the body. A narrow 
band surrounds the anterior end, but a swollen rounded border runs round the 
sides and posterior end ; the border is deeply notched on each side at the front, and 
is separated sharply from the body. 

Collection, — Mrs. Gray. 

Horizon ami Localitif. — Balclatchie Group (Llandeilo) : Balclatchie. 



Genns DEIPHOX, Barrande. 
1. Deiphon forbesi, Barrande, 1850. 

1850. JJeiphon forbesi, Barrande, Haidinger's Berichte, p. 6. 

1852. Deiphcttiforhesit Barrande, Syst. Siliir. Boheiue, vol. i, p. 814, pi. xxxix, figs. 50, 55. 

1854. Deiphon glohifrons, Angeliu, Pal. Scand., p. QQ, pi. xxxiv, fig. 7. 

— Deiphon forbesi, Morris, Cat. Brit. Foss., 2nd ed., p. 106. 
1859. Deiphon forbesi, Murchison, Siluria, 2nd ed., pp. 262, 539. 

1865. Deiphon forbesi, Woodward and Salter, Chart Foss. Crust., p. 13. 

— Deiphon forbesi, Salter, Mou. Brit. Trilob., p. 88, pi. vii, figs. 1 — 12. 
1877. Deiphon forbesi. Woodward, Cat. Brit. Foss. Crust., p. 147. 

1885. Deiphon forbesi, Lindstrom, Froteekn. Gotl. Silur. Crust. (Of v. K. Svensk. Vet. Akad. PorhandL, 

no. 6), p. 51, pi. xiii, figs. 9, 10; pi. xv, figs. 18—20. 
1899. Staurocephahis globiceps, Mem. Geol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 532, 689 

{non Deipho7i forbesi, p. 688). 

This species is represented only by a portion of the head-shield and some 
imperfect thoracic segments from Mulloch Hill. Nicholson and Etheridge were 
right in denying its occurrence at Balchitchie (M, fasc. i, 1878, p. 121). 

Collection. — Mrs. Gray. 

Horizon and Locality. — Mulloch Hill Group (L. Llandovery) : Mulloch Hill. 
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Genus SPHiESEXOCHTTS, Beyricli. 
1. Sphserexochus mirus, Beyrich, 1845. 

1840. Calymene clavifrans, Hisinger, Leth. Suec., suppl. ii, pi. xxxvii, fig. 1. 

1845. Sphasrexochus mirus, Beyrich, Ueber bohm. Trilob., p. 21. 

1846. Sphflerexochus mirus, Barrande, Not. prelim., p. 48. 

— Sphasrexochus mirus, Beyrich, Untersuch. iib. Trilob., pt. ii, p. 5, pi. i, fig. 8. 

? 1846. Sphfisrexochus caXvus, M'Coy, Synops. Siltir. Pose. Ireland, p. 44, pi. iv, fig. 10. 

1847. Sphserexochvs mirus, Corda, Prodr. bohm. Trilob., p. 138, jJ. vii, fig. 72. 

1853. Sphasrexochus mirus, Barrande, Syst. Silur. Boheme, vol. i, pi. xlii, figs. 11, 18. 

— Sphasrexochus mirus, Salter, Mem. GFeol. Surv., dec. vii, pi. iii, figs. 1 — 15. 

1854. Sphasrexochus angustifrons, Angelin, Pal. Scand., pp. 36, 75, pi. xxii, fig. 8 ; pi. xxxviii, tig. 16. 

— Sphasrexochus mirus, Morris, Cat. Brit. Foss., 2iid ed., p. 115. 

1857. Sphasrexochus mirus, Nieszkowski, Archiv Naturk. Liv.-Est.-Kurl., ser. i, vol. i, p. 596. 

1858. Sphasrexochus mirus, Schmidt, ibid., p. 189. 

1860. Sphasrexochus clavifrons, Eichwald, Leth. Boss., p. 1401. 

1864. Sphasrexochus mirus, Salter, Mon. Brit. Trilob., p. 76, pi. vi, figs. 1 — 6. 

1873. Sphasrexochus mirus, Salter, Cat. Camb. Silur. Foss. Woodw. Mus., p. 131. 

1875. Sphasrexochus mirus, Baily, Char. Brit. Foss., p. 40, pi. xiii, figs. 10 a, h, 

1877. Sphasrexochus mirus. Woodward, Cat. Brit. Foss. Crust., p. 58. 

1878. Sphasrexochus mirus, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 107, 
pi. vii, fig. 20. 

1881. Sphasrexochus angustifrons, Schmidt., Eev. Ostbalt. Silur. Trilob., pt. i, p. 189, pi. ix, figs. 
17 a, 6; pi. xvi, fig. 38. 

1884. Sphasrexochus mirus, Tornquist, Undersokn. Siljans. Trilobitf. (Sver. Geol. Undersokn., 
ser. C, no. 66), p. 20. 

1885. Spheerexochus mirus, Lindstrom, Forteckn. Gotl. Sil. Crust. (Of v. K. Svensk. Vet. Akad. 
Forhandl., no. 6), p. 46. 

1888. Sphasrexochus mirus, Wigand, Zeitschr. deutsch. Geol. Gesell., vol. xl, p. 87, pi. x, figs. 

13 a, h, 
1899. Sphasrexochus mirus, Mem. Geol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 504, 510, 

674, 689. 

Remarks. — It has been attempted to separate the Ordovician representatives of 
this species as distinct, and Schmidt {oj). cit^ p. 189) accordingly places them with 
Angelin's species, S. anijicstifrons. The basal lobes are said to be separated by a 
space equal to only their own diameter, instead of by a space more than half as 
wide again, as in the Silurian examples. But this distinction seems to break down 
in the case of the Girvan specimens, for there are glabellas from Craighead with the 
basal lobes as widely distant as many Silurian examples. It does not therefore 
seem to be a sufficient character for a specific distinction, the range of variation 
being wide. It is, however, possible that in the pygidium we may find other 
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points of difference, as in the ea.se of the Keislej specimens ; * but this remains to 
he proved. 

(J(tlhrfi()Hf<. — Mrs. Ciray (f. M.) ; Edinburgh Museum. 

]{nnz())is mul Tjoralitirs. — Stinchar Limestone Group (Llandeilo) : Craighead; 
Minnntion ; Anchensonl. Balclatchie Group (Llandeilo) : Balclatchie (Coii- 
ty-joinerate) ; Dow Hill r 



(Joints STATTROCEPHALUS, Rarran<le. 
1. Staurocephalus globiceps (Port lock), 1843. 

1H4:3. Cet aunts (jJohicepa, Portlock, Geol. Kep. Londond., p. 257. pi. i, fig. 7. 

18.>k Sfdiirorfphalus (jlohxceps, Morris, Cat. Brit. Foss., ed. 2, p. 115. 

1H()5. Shnirorejthahis (jlohicejts, Salter, Mem. Gool. Surv., dec. xi, pi. v, fig. 6. 

18(55. Siaurorephnlus ijlohicepn, Salt<^r, Mon. Brit. Trilob., p. 85, pi. vii. fig. 21 (? woodcut, fig. 18, 
1>. 88). 

1877. Staurocephalus globiceps, Woodward, Cat. Brit. Foss. Crust., p. 59. 

1878. Staurocephalus globiceps, Nicholson & Etheridgo, Mon. Silur. Foss. Girvan, fasc. i, p. 117. 
181)1). Staurocephalus globiceps (e. p.), Mem. Geol. Surv., Silur. Bocks Brit., vol. i, Scotland, pp. 513, 

(;74. r,89. 

lirnKfi'ks, — The specimen attribnt<)d to this species by Salter and figured by 
liini {' Mon. Hi'it. Trilol).,' p. 80, fig. 18) is in the Museum of Practical Geology, 
and came from Ardmillan. Nicholson and Etheridge (M, fasc. i, 1878, p. 117), 
remark tliat this figure " does more than justice to the specimen," and such is 
indeed very much the case. I have grave doubts if it can be attributed to this 
species. It is in a poor state of preservation, and the glabella is completely 
destroyed and the pygidium is not preserved; but there are suspicious indications 
of lateral spines on the margin of the head-shield, and the pleurae are precisely 
sinjilar to those of Spluvro. fhniifso)u\ with which species it should most probably be 
placed. The genal spines appear, however, to be rather stouter. 

On the other hand, there are fortunately now two good and nearly complete, 
though small, s])ecimens of St, i/lobireps, collected recently by Mrs. Gray from the 
Starfish Bed, the identification of which cannot be disputed. They show all the 
typical characters of the head and thorax as described and figured by Salter, 
and the pygidium, so far as it is preserved, is likewise identical wuth the type. 

CollrctioHs, — Mrs. Gray ; Museum of Practical Geology. 

lf(>ri;:ons and Localitirs. — Drummuck Group (U. Bala) : Starfish Bed, Thraive 
(lien. ? Balclatchie Group (Llandeilo) : Ardmillan. 

• Reed, 'Quart. Journ. Geol. Soc.,' vol. lii (189G), p. 423. 
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Genus PLIOMERA, Angelin. 
1. Pliomera sp. Plate XIX, fig. 16. 

Descrii)lioii. — Pygidium subquadrate, but widening a little posteriorly, truncate, 
strongly convex, and bent down at the sides. Axis conical, reaching about five 
sixths the length of the pygidium, gently convex ; composed of an anterior, rather 
rapidly tapering portion, consisting of five well-marked rings, and of a posterior, 
less rapidly tapering, non-annulated portion, of equal length, with pointed ex- 
tremity and with one median pit near front. Axial furrows well marked. Lateral 
lobes strongly bent down, consisting of five simple, regular, flattened, unfurrowed 
pleursB in close contact, corresponding with the axial rings, gently curved back- 
wards, and ending in bluntly rounded points which project on posterior margin of 
pygidium. Interpleural furrows sharp and deep. Pleural furrows absent. The 
last pair of pleurae bend inwards, meeting and running backwards in contact 
behind the axis, but separated from one another by a strong interpleural furrow. 

Remxrks. — It does not appear that this genus has been hitherto detected in the 
Girvan area ; but there are two specimens of pygidiafrom the Llandeilo of Auchen- 
soul, and another from Tramitchel, which undoubtedly belong to it. One of the 
Auchensoul specimens measures 8 mm., but the other only 3 mm. in length. 

This species differs from all other species of riioviei'a (= Amphion auctt) ^ 
by possessing a long, posterior, non-ringed axial portion behind the fifth axial 
ring. In P.Jischeri* this portion is much abbreviated, being no longer than the 
preceding ring. But in the other characters of the pygidium the Girvan specimens 
show a close resemblance to this species, the general shape and contour of the 
pygidium being similar and the number of rings on the axis and of pleurae on the 
lateral lobes being identical, and possessing the same features. The previously 
described British species of the genus, P. psendo-artic^data (Portlock),^ of which 
the pygidium is known, is quite distinct, the fifth pair of pleurae being fused 
completely with the non-ringed portion of the axis behind the fifth axial ring. 

Collection. — Mr^. Gray. 

Horizon and Localities. — Stinchar Limestone Group (Llandeilo) : Auchensoul ; 
Tramitchel. 

^ It has recently been pointed out by Raymond (* Araer. Journ. Sci.' [4], vol. xix, 1905, p. 377) 
that the generic name Amphion was applied by Hubner in 1816 to a genus of Lepidoptera, while 
Pander did not propose the name for a trilobite (A. frontiloha = A. facheri, Eichw.) till 1830. 
Angelin's name Pliomera (1864) for A.fischeri, Eichw., and others of this type, must therefore be 
adopted in place of the p re-occupied name Amphion, Pander. 

2 Brogger, ' Die Silur. Etag. 2 uud 3,' p. 135, pi. vi, fig. 3 a ; SchmiJt. ' Rev. Ostbalt. Silur. Trilob.,* 
pt. i, p. 191, pi. xiii, fig. 8 a. 

» Salter, ' Mon. Brit. Tiilob.,' p. 80, pi. vi, fig. 29. 

20 
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Fa mil 1/ 'Phacovwjr. 

Cronm PHACOPS, Emmricli. 

1. Phacops (Pterygometopus) brongniarti, Portlock, 1843. Plate XIX, figs. 

17, 18. 

1843. Phacops brongniarti, Portlock, Geol. Rep. Londond., p. 282, pi. ii, fig. 8. 

— Phacops murchisoni, Portlock, ibid. pi. ii, fig. 9. 

— Phacops dalmani, Portlock, ibid, pi. ii, fig. 7. 

1853. Phacops hrongniarti, S.alter, Mem. Q^ol. Surv., dec. vii, art. 1, p. 10. 

1864 Phacops (Acaste) brougniarti, Salter, Mon. Brit. Trilob , p. 34, pi. i, figs. 20—24 ( ^ ) ; pi. i, 
figs. 25, 26 ( ? = Ph. dalmani). 

1875. Pha4:ops bronjniarti, Bailv, Char. Brit. Poss., p. 41, pi. xiii, figs. 11, a, fc, c, 

1876. Phacops brongniaiii, Armstrong aud Young, Cat. West. Scot. Foss., p. 16. 

— Phacops dahnannii, Armstrong and Young, ibid., p. 16. 

1877. Phacops (Acaste) brongn'iarii, Woodward, Cat. Brit. Foss. Crust., p. 50. 

1878. Phacops (Acaste) brongniarti, Nicholson and Etheridge (e. p.), Mon. Silur. Foss. Girvan, fasc. i, 
p. 99, pi. vii, fig. 1 (now fig. 2). 

1879. Phacops {Acaste) brongniarti, Nicholson and Etheridge, ibid., fasc. ii, p. 201, pi. xiv, figs. 7,8. 
1899. Phacops brongniarti. Reed, Quart. Journ. Qeol. Soc., vol. Iv, p. 749. 

— Phacops brongniarti, Mem. Geol. Surv., Silur. Rocks Brit., vol. i, Scotland, pp. 490, 5(K), 505, etc. 
1905. Phacops {Pterygometopus) brongniarti. Reed, GKiol. Mag. [5], vi'l. ii, p. 227. 

liemarh's. — This well-marked species is esj)ecially characteristic of the Balclatchie 
Group, Init seems to occur also on a lower and on a higher horizon. Its characters 
have been too often described to need repetition here. It has been referred 
by me (hn\ cit., 1905) to the genus or subgenus Ftevyrjometopus. 

CoUectinns. — ^Mrs. Gray ; Edinburgh Museum (f. M., pi. xiv, fig. 7) ; Museum of 
Practical Geology (f. M., pi. vii, fig. 1); Woodwardian [Sedgwick] Museum. 

Uorhous and Localities. — r Stinchar Limestone Group (Llandeilo) : Minuntion. 
Balchitchie Grouj) (Llandeilo) : Ardmilhin Brae; Dow Hill; Balclatchie. ? Drum- 
muck Group {\j. Bala): Drummuck; ? Starfish Bed, Thraive Glen. 



2. Phacops (Phacopidella) elegans (Sars & Boeck), 1838. Plate XIX, figs. 

19—23. 

*r 1833. Trihbites elliptifrons, Esinark. Mag. f. Naturvid., ser. 2, vol. i, p. 269, pi. vii, figs. 6, 7, 

1838. Trilobites elegcnis, Sars and Boeck iu Keilhaus' Gsea Norvegica, p. 139. 

1851. Phacops stokesi, Salter, Quart. Journ. Geol. Soc., vol. vii, p. 171, pi. ix, figs. 2a, 2b. 

1852. Phacops quadrilineata, Angeliu, Pal. Scand., p. 12, pi. ix, fig. 5. 

1857. Phacops stokesi, Nieszkowski, Archiv Naturk. Liv.-, Est.-, Kurl., ser. i, vol. i, p. 530. 
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1858. Phacops stokesi, Schmidt, Archiv Naturk. Liv.-, Est.-, Kurl., ser. i, vol. ii, p. 184 

1860. Phacops latifrons, Eichwald («.p.), Leth. ross., p. 1428. 

1864. Phacops stokesi, Salter (e. p,), Mon. Brit. Trilob., p. 21. 

1866. Phacops elegans, Kjerulf, Veiviser, pp. 20, 21, fig. 31 h, 

1873. Phacops stokesi, Salter (e, p.). Cat. Camb. Silur. Fobs. Woodw. Mus., p. 76. 

1876. Phacops stokesi, Armstrong and Young, Cat. West. Scot. Foss., p. 16. 

1877. Phacops stokesi. Woodward (e, p.), Cat. Brit. Foss. Crust., p. 56. 

1878. Phacops stokesi, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 98. 

— Phacops hrongniarti, Nicholson and Etheridge {e.p.), ibid., pi. vii, fig. 2 (non fig. 1). 
1881. Phacops elegans. Marr, Proc. Yorks. Q^ol. Polyt. Soc, vol. vii, p. 397. 

— Phacops elegans, Schmidt, Rev. Ostbalt. Silur. Trilob., pt, i, p. 72, pi. i, fig. 1 ; pi. x, figs. 
10-12; pi. xi, fig. 17. 

? 1884. Phacops eUiptifrons, Tomquist, XJndersokn. Siljans. Trilobitf., p. 8, pi. i, figs. 1 — 3 (Sver. 
Geol. XJndersokn., Ser. C, no. 66), 

1887. Phacops elegans, Marr, Gteol. Mag. [8], vol. iv, p. 35. 

1888. Phacops stokesi, Wigand, Zeitschr. deutsch. Gteol, Gesell., vol. xl, p. 40, pi. vi, fig. 1. 

1888. Phacops elegans, Marr and Nicholson, Quart. Journ. Geol. Soc, vol. xliv, p. 720, pi. xvi, 

figs. 1 — 4. 
1899. Phacops stokesi, Mem. Geol. Surv., Silur. Eocks Brit., vol. i, Scotland, pp. 529, 532, 536, etc. 

Beitiarks. — The specimens from Girvan which are usually attributed to 
P. stokes iy M. Edwards, are referable, so far as I have seen, to the closely allied 
species P. elegans. Wigand and others have, indeed, considered the latter specifi- 
cally inseparable from P. stokesi ; but Schmidt has pointed out the manner in which 
it differs, and Marr and Nicholson {loc. cit.) have figured British specimens from 
the Stockdale Shales. In P. stokesi the glabella expands more rapidly towards the 
front, and the eyes are relatively larger. The glabellar furrows appear to be 
similar in the two species, and there is no obvious difference in the thorax and 
pygidium. The Girvan examples have 7 — 8 segments on the axis of the 
pygidimn, and four pairs of pleurae on the lateral lobes, but the fourth pair is 
generally very faint ; the pleurae are furrowed towards their extremities. The axis 
is usually about three quarters the length of the pygidium. In a specimen from 
Newlands in Mrs. Gray's collection which perhaps is referable to this species, 
there are five pairs of pleurae on the lateral lobes of the pygidium. 

The species belongs to the subgeneric group Phacopidellay which partly 
corresponds with the imperfectly defined subgenus for which the pre-occupied 
name Acaste is generally employed.^ 

Collediom. — Mrs. Gray (f. M.); Museum of Practical Geology; Edinburgh 
Museum; Woodwardian [Sedgwick] Museum. 

Horizons and Localities. — MuUoch Hill Group (L. Llandovery) : Mulloch Hill ; 
Craigens. Saugh Hill Group (M. Llandovery) : Newlands ; AVoodland Point. 
Camregan Group (U. Llandovery) : Bargany Pond Burn ; Penwhapple Glen. 
Penkill Group (Tarannon) : Penkill. 

1 Reed, 'Geol. Mag/ [5], vol. ii, 1905, p. 225. 
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3. Phacops (Phacopidella) downingisD (Miirchison), 1839. 

1822. Calymens macrophthalma, Brongniart, Hist. Nat. Crust. Foss., pi. i, fig. 4 {non fig. 5) 

1836. Cali/mene maeropWialma, Buckland, Gkol. and Min., pi. Ixiv, fig. 5 (non fig. 4). 

1839. Caly^niene downifigia*, Murchison, Silur. Syst., p. 655, pi. xir, fig. 3. 

1839. Asaphvtf suhcaudatus and A, cawdori, Murchison, ibid., p. 655, pi. vii, figs. 9, 10. 

1840. Calymene doumingia.% Milnc Edwards, Crust., vol. iii, p. 324. 
1843. Acasfe downbujm\ Goldfuss, Neues Jahrb., p. 563. 

1843. PJiacojtH macrophthalma, Burmeister, Organ. Trilob , pp. 139, 140. 

1845. Pha^^ops dowmngix, Emmrich, Neues Jahrb., p. 40, pi. i, fig. 2 (translated m Taylor's 

Scientific Memoirs, 1846, vol iv, pi. iv, fig. 2). 

1848. Phacopa downingise, Salter, Mem. Geol. Surv., vol. ii, pt. i, p. 336, pi. v, figs 2 — 4. 

1851. Phacops downingue, M'Coy, Synops. Pal. Foss. Woodw. Mus., p. 160. 

1853. Phacops downingix, Salter, Mem. G^eol. Surv., dec. vii, pi. i. 

1854. Phacops dotvningue, Morris, Cat. Brit. Foss., 2nd ed., p. 113. 
? 1854. PJiacops hreviceps, Angelin, Pal. Scand., p. 12, pi. ix, fig. 4 a. 

1857. Phacops downingixj Nieszkowski, Archiv Naturk. Liv.-, Est.-, Kurl., ser. 1, vol. i, p. 531. 

1859. Phacops downingiie, Murchison, Siluria, 2nd ed., pi. xviii, figs. 2 — 6. 

1864. Phacops {Acaste) downingiae, Salter, Mon. Brit. Trilob., p. 24, pi. ii, figs. 17 — 36. 

1873. Phacops downingiiv, Salter, Cat. Camb. Silur. Foss. Woodw. Mus., p. 131. 

? 1874. PJiacops duhins, Stcinhardt, Die preuss. Q-eschieb. gef. Trilob., p. 14, pi. i, fig. 7. 

1875. Phacops downingiiCy Baily, Char. Brit. Foss., p. 68, pi. xxiii, fig. 6. 

? 1876. Phacops downingia% Armstrong and Young, Cat. West. Scot. Foss., p. 16. 

1876. Phacops downingiw, SchmiJt, Verb. Min. Gesell. S. Petersb., n. s. vol. x, p. 15, pL i, fig. 1. 

1877. Phacops (Acaste) downingix. Woodward, Cat. Brit. Foss. Crust., p. 51. 

1878. Phacops downingue, Nicholson and Etheridge, Mon. Silur. Foss. Girvan, fasc. i, p. 98. 
1881. Phacops dowinngise, Schmidt, Rev. Ostbalt. Silur. Trilob., pt. i, p. 75, pi. i, fig. 2 ; pi. xi, fig. 18. 
1885. Phacops downingm, Lindstrom, Forteckn. Qotl. Silur. Crust. (Ofv. K. Svensk. Vet. Akad. 

Forhandl., no. 6), p. 42. 
1888. Pluicops downingiie, Wigand, Zeitschr. deutsch. Geol. Gksell , vol. xl, p. 41, pi. vi, figs. 2, 3. 
1890. Phacops (Acaste) downingia.', Pompecki, Die Trilobit. f. Oat. West-preuss Diluv. G^schieb., 

p. 19, pi. i, figs. 27, a—c, 
1899. Phacops downingiie (e. p.), Mem. Geol. Surv., Silur. Bocks Brit., vol. i, Scotland, pp. 529, 

530, 689. 

lirmarhs. — It must still remain doubtful whether the true P. do7cningi3R occurs 
in the Girvan area. I have seen poor specimens from Woodland Point which may 
possibly be referable to it; but, as Nicholson and Etheridge remarked (M, fasc. i, 
1878, p. 98), tlie specimens usually attributed to it belong to P. sfokcsi (= P. clegans). 
The species is included by me in the subgenus Phacojndella} 

Collecfions. — Mrs. Gray; Museum of Practical Geology. 

Horizons and Localiths, — Saugh Hill Group (M. Llandovery) : Woodland 

Point. ? AVenlock Series : Knockgardner, Straiten. 

1 The opinion expressed by Drovermann (* Neues Jahrb. f. Miner.,' 1906, vol. ii, R^-f. p. 139) 
that this subgenei'ic name is superfluous, seems based on a strange misapprehension of its phylogenetic 
significance. 
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4. Fhacops (ChaBmops) bisseti, sp. no v. Plate XX, figs. 1 — 3. 

Specific Characters. — Head-shield transversely semicircular, more than twice as 
broad as long, gently convex. Glabella scarcely raised above cheeks, triangular in 
shape, twice as wide at front end as at base ; length considerably less than width 
at front end. Frontal lobe large, rather flattened in front, transverse, short, more 
than two and a half times as wide as long; lateral angles overhanging " cat's ear " 
lobes, and projecting laterally to facial sutures, and nearly overhanging the eyes ; 
V-shaped mark, composed of coarse puncta, on frontal lobe. The " cat's ear " lobes 
extend rather more than half along the sides of the glabella, and their inner angle, 
where they unite with the central portion of the glabella, is about 70° and is 
marked by a rather prominent tubercle, while the posterior lateral angle made with 
the axial farrow is nearly 90°. First lateral furrows slightly undulating, and 
making between them angle of 120° — 130° ; not meeting the shorter second lateral 
furrows. Central portion of glabella between inner angles of " cat's ear " lobes 
less than one third total width of glabella. " Second" ^ lateral lobes represented 
by small prominent nodules near inner ends of second lateral furrows. "Third" 
lateral lobes represented by faint swellings on a transverse rounded band behind 
the " cat's ear " lobes. Neck-ring rounded, marked off by strong occipital 
furrow from this transverse band, and about half as wide again as the latter. 
Axial furrows strong, diverging anteriorly from neck-ring at about 75° — 80° 
as far as the first lateral furrows, in front of which they bend outwards 
round the overhanging angles of the frontal lobe. Surface of glabella finely 
granulated with numerous large coarse tubercles, scattered freely over it. 
Cheeks triangular, nearly as high as glabella, with the usual characters found in 
Gluismops. Lateral margins of head-shield strongly bent down ; and free cheeks 
furnished with long, broad, flattened, genal spines, closely pressed against body, 
and extending back to at least the eighth thoracic segment. Surface of cheeks 
granulated and rather coarsely pitted. Eye of moderate size, strongly curved, 
high, conical, with its base at the level of the second lateral furrow, and its front 
end about two thirds of the way up the "cat's ear" lobes. Eye-lobe very 
prominent, and bent up along anterior and posterior edges. Visual surface of 
eye composed of about thirty vertical rows of lenses, with twelve to fourteen lenses 
in the highest rows. 

Thorax of eleven segments, half as long again as head-shield. Axis rather 

1 The author would prefer to call the lateral portions of the frontal lobe the first pair of lateml 
lobes and the "cat's ear" lobes the second pair, making the so-called "second" lateral lobes reallj 
the third. But to avoid confusion the commonly accepted terminology is liere employed, though he 
believes the homology implied is erroneous (see * Quart. Journ. Gkol. Soc./ vol. Iviii, 1902, p. 64). 
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less than one third the width of thorax at about the sixth ring, behind which it 
gently tapers to pygidium ; gently convex ; each ring with low but distinct nodular 
swelling on axial furrows. Axial furrows strong and deep. PleuraB curved gently 
backwards and downwards beyond the weak fulcrum which is situated at about half 
their length. Strong oblique furrow along each pleura. 

Pygidium transversely parabolic, about one and a half times as broad as long. 
Axis conical, about one third the width of pygidium and reaching nearly its 
whole length, tapering gradually to a rounded extremity; composed of twelve 
distinct rings followed by four narrow faint ones. Lateral lobes strongly bent 
down, especially near margin ; bearing one half pleura on front edge followed first 
by eleven pairs of regular pleuras (each with very faint, central, impressed lint-), 
and then by four pairs of very weak narrow pleursB and by one median unpaired 
one which runs nearly straight back behind axis. Posterior margin of pygidium 
between last four pairs of pleurae strongly bent up and appearing from behind 
almost angulated in centre. Surface of thorax and pygidium finely granulated. 
Dimensions. — 

Length of head-shield . . . .16-0 mm. 



Width 

„ of glabella at base 

„ „ in front 

Length 

„ of frontal lobe of glabella 

„ of eye 

„ of thorax 
Width „ . 

„ of axis of thorax . 
Fiength of pygidium 
Width „ . 

Length of axis of pygidium 
Width 



37-0 

9-0 

23-0 

13-5 

8-5 

5-0 

250 

35-0 

11-0 

18-0 

25-0 

15-0 

9-0 



Jicmarkii and Affinities. — The above description is di*awn up fi'om a remarkably 
perfect specimen of a complete individual which has been most kindly lent me for 
examination by Mr. James Bisset, F.G.S., of Edinburgh. The specimen came 
from the Drummuck Beds of Lady Burn, and (with the exception of one head- 
shield recently discovered by Mrs. Gray) is the sole representative of the subgenus 
Chasnwps which I have seen from Girvan. It measures nearly 60 mm. in total 
length, and appears to belong to a new species. 

This si)ecinien cannot be referred to P. macrouruy Sjogr., as interpreted by 
Salter,^ because of (1) its differently shaped glabella with its greater anterior 
expansion; and (2) its shorter and more transverse pygidium with fewer segments. 
1 Salter, ' Mon. Brit. Trilob./ p. 37, pi. iv, figs. 18—23. 
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In P. macrouraj Sjogr., Angelin ^ describes eighteen ribs to the pygidium, and in 
the English form Salter states there are sixteen. The glabella, moreover, is much 
more nearly square in P. rrvacroiirdy and the frontal lobe is longer and less trans- 
versely expanded. Schmidt^ considers it probable that Salter's P. macroura really 
belongs to P. eichwaldi^ Schmidt, but the latter is described as having only 12 — 15 
segments in the pygidium, which is also pointed and a little broader than long ; 
the surface of the head-shield is, moreover, only finely granulated or quite smooth 
instead of tuberculated, and the frontal lobe of the glabella measures less in 
breadth than does the head-shield in length. P. eichvmldi therefore seems not only 
distinct from Salter's P. macroura but also from the Girvan form.^ 

The general proportions of the head-shield of P. conicophthabmis (Boeck), and 
the size and shape of the glabellar lobes with the overhanging lateral angles of the 
frontal lobe, closely resemble the Grirvan specimen, but the genal angles are only 
furnished with short spines, and the eyes are smaller. The pygidium attributed 
to this species by Salter {op. ciL^ pi. vi, fig. 25) is completely different. 

The species P. wesenbei-gensis^ Schmidt,*from Stage E, has many points of similarity 
to the Girvan form, especially in the glabella and its lobes, and in their proportions. 
But the " cat's ear " lobes are rather smaller, the first lateral furrows are rather 
more oblique, the eye has only twenty-four rows of lenses with 10 — 11 lenses in 
the middle row, the genal spines are not vertical, the pygidium is relatively rather 
longer, and the axis appears to taper less rapidly. 

The form described by the author as P. inairi ^ from the Coniston Limestone 
may also be compared, but the shape and proportions of the glabella and lobes are 
different. 

The head-shield in Mrs. Gray's collection has lost the free cheeks, and belongs 
to a smaller and probably younger individual, which may account for the slight 
differences noticeable in it when compared with Mr. Bisset's specimen. The 
glabella has a less transverse appearance, the axial furrows diverging only at 
70°— 75° instead of 75°— 80°. The inner angle of the "cat's ear" lobes of the 
glabella is nearly 90° instead of 70°, while the posterior angle is 70° instead of 90°. 
In all other respects there is complete agreement. The dimensions are as follows : 
length of head-shield 11*5 mm.; length of glabella 9*5 mm.; basal width of 
glabella 5*0 mm. ; frontal width of glabella 12*5 mm. 

There is a fragment of a pygidium, probably belonging to the same species as 
Mr. Bisset's specimen, from the Starfish Bed in Mrs. Gray's collection ; it shows 
15 — 16 rings on the axis, the last 3 or 4 of which are indistinct, and 11 — 13 pleurae 
on the lateral lobes. 

1 Angelin, ' Pal. Scand.,* p. 9. 

2 Schmidt, ' Eev. Ostbalt. SUur. Trilob.,* pt. i. p. 117. 

3 Reed, ' Geol. Mag.* [5], vol. i (1904), p. 386, pi. xii, fig. 3. 

* Schmidt, op. cit, p. 115, pi. iv, figs. 10—12; pi. v, figs. 1—7; pi. x, fig. 20. 
6 Reed, 'Geol. Mag.' [4], vol. i (1894), p. 241, pi. vii, figs. 1—3. 
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On the wliole the Girvan specimens appear to be Bpecifically distinct from any 
hitlierto described, and the name P. bisseti may be appropriately given to them. 

Collections. — Mr. Bisset (Edinburgh) ; Mrs. Gray. 

Horizon and Locality. — Drummuck Group (U. Bala): Lady Bum; Thraive 
Glen (StarBsh Bed). 



SUPPLEiMENTARY NOTES. 

Family Tkinucleid^. 

Ucnus TRINUCLEUS, Llwyd. 
Trinucleus, sp. ind. {h). 

1903. Trinucleus, sp. ind. (6), Beed, tupra, p. 14, pi. ii, figs. 8, 8 a. 

AVithin a space measuring 40 X 50 mm. on one slab of rock from Whitehouse 
Bay, there arc three well-preserved head-shields of the trilobite described as 
Trinncleussi^And. (/>). The fringe is poorly exposed and shows only one concentric 
I'ow of large pits in front, probably duo to the radial fusion of the pits of the two 
rows previously described, since 2 — 3 rows are ])resent at the genal angles. In the 
former description it was stated that the surface of the glabella is smooth, but this 
is not the case with these new specimens, which have the shell perfectly preserved, 
for a fine reticulation, which gives the appearance of a honeycombed, pitted surface, 
ornaments the swollen ovoid portion of the glabella. An isolated small, round, 
submedian tubercle is also present on this part. The neck of the glabella and the 
cheeks are, however, quit^ smooth and devoid of any reticulation or tubercles ; no 
ocular tubercles can be detected. The peculiar lobeless, subcylindrical neck is 
somewhat contracted at its base, and is only about one fourth the length of the 
wliole glal)ella. The glabella does not overhang the fringe at all in front, but ends 
well inside it, sloping down to it rather more gradually than to the neck, the apex 
of the ovoid lobe being post-median. The dimensions of the three head-shields 



are as follows : 










I. 


11. 


111. 


Length 


10-5 


n-5 


7-75 mm. 


Widtli 


19-5 


20-0 


. 12-00 „ 



Collection. — Mrs. Gray. 

Horizon and LocaUtn. — Whitehouse Group (M. Bala) : AVhitehouse Bay. 
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Genus AMPYX, Dalman. 
Ampyz incurvus, sp. no v. Plate XX, figs. G— 8. 

1903. Ampyx mammillatuSf Sars (?), Beed, supra, p. 22, pi. iii, fig. 13. 

Some better preserved specimens of the species referred to Ampyx vuimmillatus 
(Sars) ? from the Balclatchie Group occur amongst the new material which 
Mrs. Gray has collected from Dow Hill and Ardmillan. From these head-shields 
it is found that the glabella is strongly elevated in front above the cheeks, sloping 
up to the frontal spine gradually from the neck, but very abruptly from the 
anterior margin of the shield, beyond which it slightly projects. The pairs of 
lateral pits and oblique furrows on each side of the glabella generally unite, so as 
to enclose one pair of longitudinally oval areas, as in A. hastatns^ Ruedemann.^ The 
carination of the glabella is more marked than was indicated in fig. 13, PI. III. 
The spine which is situated at the pointed anterior end and highest part of the 
glabella is not directed straight forwards, but curves gently upwards and then 
backwards, attaining a length equal to more than twice that of the glabella. 
The lateral furrows or pits on the glabella are usually more strongly marked than 
indicated in the specimen previously figured. 

The curvature of the peculiar rostral spine, as well as the shape of the glabella 
and its oval lateral impressions, recalls A. (LoncJiodoinas) liastatus^ Ruedemann, 
from the Trenton Conglomerate of Rysedorph Hill, N. Y., but the carination in the 
latter is more marked and the lateral furrows on it are dissimilar, while the rostral 
spine in our form is rounded and not prismatic. The specific name incurvus is sug- 
gested, as it is undoubtedly distinct from A. mammillahis and other allied species. 

In one specimen there are six thoracic segments attached to the head-shield in 
position. The axis is subcylindrical, tapering very slightly towards the pygidium, 
and it is four fifths the width of the pleural portions on each side. Each axial ring 
is furnished with a pair of strong, well-defined, rounded lateral nodes. The 
horizontally extended pleurae possess the usual characters of the genus, but the 
furrow is distinctly diagonal near the axis and widens outwards towards the 
extremity of the pleura. 

1 Ruedemann, *Bull. 49, New York State Mus.' (1901), p. 48, pi. iii, figs. 1—10, 30. 
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Family Olenid^. 
Omus REMOPLEUBIDES, Portlock. 
Remopleurides (TeratorhynchuB) bicomis. Reed. 

1903. Beinopleurides (Teratarhynchus) hicomis. Reed, supra, p. 33, pi. t, figs. 5—16. 

The upper and ninjor recurved spine in this species was not described as laterally 
grooved in the previous diagnosis of its characters. A good cast of the anterior 
portion of a liead-shield from the typical locality, Dow Hill, is now available, which 
sliows a lateral longitudinal median narrow groove running along each side of the 
spine from its base to nearly its ti[). 

Family AsAPHiD.f:. 
Genns ASAPHUS, Brongniart. 
Asaphus (Isotelus) instabilis, Reed. Plate XX, fig. 4. 

1903. Asaphus (Isotelus) instabilis, Roed, supra, p. 46, pi. vii, figs. 2 — 8. 

There is an excellent detached free cheek of A. tmtahilis from Dow Hill in the 
new material which Mrs. Gray has collected, and it shows the characteristic 
features better than the one figured previously (PI. VII, fig. 6). The angle 
l)etween the two branches of the facial suture, the distance of the eye from the 
posterior margin of the head-shield, the distance of the point of section of the 
margin by tlie posterior branch of the facial suture from the genal nngle, the 
almost rectangular inclination of the lateral and posterior margins of the free 
cheek to each other at the genal angle, the shallow lateral marginal furrow, 
the absence of a broad neck-furrow, and the sharp, abruptly originating spine at 
the genal angle, are features which are well exhibited in the specimen before us. 

Genus CTCLOPYGE, Corda. 
Cyclopyge rediviva (Barrande) ?. 

1904. Cyclopyge rediviva, Rceil, supra, p. 52, pi. viii, figs. 2, 3. 

There are some isolated and imperfect thoracic rings of a species of Cyclopyge 
from Whitehouse Bay which have been recently found by Mrs. Gray. They 
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possess a broad axis bearing on each ring a pair of circular gland-like pits 
resembling those found on the third ring of G. hinodosa^ Salter.^ The pleurae are 
short and imperfect. Probably these segments belong to G. raUviva^ as they agree 
in point of size. 



Cyclopyge cf. gigantea (Barrande). Plate XX, fig. 5. 

One pygidium from Whitehouse Bay amongst Mrs. Gray's recently collected 
material belongs imdoubtedly to the genus Gijclopyge^ but does not seem to be 
referable either to G. ai^mata or G. rediviva. It has a transversely semicircular 
shape, and a well-marked, raised, rounded border ; the axis is conical, pointed, and 
well defined by the axial furrows, which extend with nearly uniform strength to its 
tip, and converge at an angle of about 45°; the axis is completely ringed to its tip 
by five or six annulations, of which the first three are strongly marked; the lateral 
lobes are very slightly convex and show faint traces of 3 — i pleurae, but these are 
very indistinct. The first lateral furrow is, however, strong. 

The pygidium figured by Barrande as belonging to a young individual of G. 
gigantea (Barr.)^ has a somewhat similar long pointed conical axis, with traces of 
several rings upon it and of faint pleurae on the lateral lobes. In G. prisca 
(Barr.)' the axis is too short and blunt, but has 3 — 4* rings well marked on it. 

Dimensions. — 

Length of pygidium . . . .7*0 mm. 

„ of axis . . . . . 5*0 „ 

Width of pygidium . . . cYf. 14*0 



>> 



» 



„ of axis at front end . . . 4*25 

Genus ILLiENUS, Dalman. 
nisBnuB balclatchiensiSy B;eed?. Plate XX, fig. 11. 

1904. IUasnu8 halclatchiensiSf Beed, supra, p. 56, pi. viii, figs. 12 — 16. 

There is now available one good hypostome from Balclatchie which may be 
probably attributed to the species /. balclatchiensis. It is transverse in shape, 
being nearly twice as wide as long. The anterior edge is nearly straight ; the 
lateral wings form very broad, flattened, rounded lobes, slightly upturned behind ; 

* Salter, 'Mem. Geol. Surv./ dec. xi, no. iv (1864), pi. iv, figs. 1 — 6. 
'^ Barrande, * Syst. Silur. Bohcme,* suppl. vol. i, p. 60, pi. i, fig. 5. 
^ Ibid., p. 63. pi. V, fig. 2. 
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tlie bodv, which is weakly convex and not marked off from them anteriorly, is 
siibcircular in shape, narrowing slightly behind, and the lateral wings extend along 
half its length ; behind them is a l)order of moderate width, marked off on each 
side from the body by a strong, slightly oblique furrow ; these furrows do not 
meet behind, and apparently are composed of the marginal and lateral furrows, as 
they bend inwards more strongly at their posterior ends ; behind them the body is 
not marked off from the border. The whole surface of the hypostome is orna- 
mented with fine, wavy lines concentric to the posterior and lateral margins and 
meeting the anterior margin at a more or less acute angle. The type of hypostome 
is that of /. chirony Holm, 7. esmnrl'iy Schlotli., etc.* 
Diinensio)is. — 

Length . . . . .7 mm. 

Width at front end . . . . 12 „ 



lUsenus bowmani, Salter. Plate XX, fig. 10. 

1904. lUivnus bowmani. Reed, siij^ra, p. 59. 

There is an interesting specimen of 7. botrmcun from the Starfish Bed which 
shows the whole individual both as a cast and a hollow mould, though neither is 
(juite perfect. But the most important feature is the preservation of the hypo- 
stome in its natural attachment to the epistome, though it does not lie in the 
normal plane, having been bent back underneath the latter. The epistome is 
broken laterally, but appears to have had the usual transverse fusiform shape 
without any marked posterior protuberance, and it is crossed by 12 — 14 strong, 
e([uidistant, scarcely curved, striae The hypostome is sub(juadrate in shape, wider 
than long, and arched down on each side. The anterior margin is a flattened 
curve, but the lateral angles are roinided, the anterior wings being placed far 
back and nearly opposite the middle of tlie body. The body itself is subquadrate 
and moderately convex, and has a pair of rather large lateral pits a little behind 
its middle, and there is a faint shallow depression connecting them and cur\4ng 
round behind the body so as to mark off indistinctly a postmuor border. The 
posterior end of the hypostome is broad and obtuse. 

A few fine, irregular, raised lines are visil)le on the ala?, but the ornamentation 
is not preserved on the rest of the surface. 

iJiiuf'ii.'^ioii.s, — 

Length of hypostome . . . 11*0 nnn. 

Width „ across anterior alie . 19*0 „ 

„ „ behind ate . . 10*0 „ 

1 Lindstroii), 'K. Svensk. Vet. Akad. Handl./ vol. xxxiv, uo. 8 (1901), p. 58, pi. iv, tigs. 22—88. 



ILL^NUS MEMORABILIS. 165 



lUsenus eztensus, Eeed. 

1904. Illssnus extensus, Eeed, supra, p. 61, pi. ix, figs. 3 — 5. 

In the type specimen of /. extensus the anterior margin of the head-shield was 
broken and imperfect, and its true proportions and shape could not be accurately 
determined, but it appeared to be transversely semicircular. A small but complete 
individual is now available from the same horizon and locality (Starfish Bed, 
Thraive Glen) ; and though its surface is not so well preserved, the outline of the 
head is well exhibited, and it is seen to be parabolic and not semicircular, being 
somewhat pointed in front. The dimensions of this young individual, which, 
though so small, possesses the typical nine thoracic segments and all the other 
characteristic features of the species, are as follows : 

Length of head- shield . . . 5*00 mm. 



Width 

Length of thorax 

„ pygidium. 

Width 



lUaenTiB macallumi, Salter. 

1904. IlUenus macaUumi, Heed, supra, p. 65. 



10-50 
3-00 
3vo 
7-50 



This species has now to be recorded from another locality in the Girvan district, 
as in Mrs. Gray's new material there is a pygidium from Craigens (MuUoch Hill 
Group, Lower Llandovery). 



IllsBnus memorabilis, sp. nov. Plate XX, fig. \). 

1904. Illsenus cf. oculosm, Reed {pars), supra, p. 71, pi. x, fig. 11 {non figs. 9, 10). 

Specific Characters. — The head-shield is only slightly convex from side to side 
and from back to front, and is not bent down anteriorly. The middle shield is 
subquadrate in form, the long anterior branches of the facial suture being sub- 
parallel, and the width of the head between them only slightly greater than the 
length. The eyes are rather large, and placed so far back as nearly to touch 
the posterior margin ; the eye-lobes are semicircular and project laterally, and the 
surface of the cheek between them and the axial furrows is decidedly swollen. 
The axial furrows present the most remarkable feature in the head-shield on 
account of their length and course ; they converge at first rather strongly in their 
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forward course for about one third the lengtli of the head-shield, and then diverge 
from each other strongly, curving outwards and being continued forwards to 
within a short distance of the anterior margin to end in small pits. In front 
of these pits the head-shield is marked with strong regular rugad and striae 
(terrace-lines), concentric to the anterior margin. The axial furrows are of equal 
strength along their whole course, and are w^ell marked; but just behind their 
nearest approach in their posterior course there is an oval expansion of the 
furrows, forming a pair of special depressed areas a little in front of the eyes. 
Owing to the course of the axial furrows, the glabella has an hour-glass shape, 
its waist being only just half the width of its anterior end, while its base is about 
a third wider than its waist. The glabella has no independent convexity except 
behind its waist, where it is gently convex, and it is not defined at its anterior end. 
There is a small median tubercle close to the base of the glabella. The neck 
furrow is narrow and indistinct. 
Dimensions. — 
Length of head-shield . . . 14*50 mm. 

Width „ between eyes . . 19*50 „ 

Length of glabella . . . . 11'25 „ 

Width „ at base . . . 9*00 „ 

„ „ waist . . . 5*75 „ 

„ „ front end. . . 12'00 „ 

Renmrks. — The above described nearly complete head-shield (without the free 
clieeks) from Dow Hill, shows some noticeable peculiarities which mark it off as a 
distinct species. The posterior portion of a head-shield of the same species from 
Ardmillan was previously described by the author (oj). cit. supi^a) as comparable 
with /. ocidosusy Holm, but it must now be removed from this association, as it is 
certainly distinct from the other specimens referred to under that title. The 
species which has l)een described from the Trenton and Chazy Limestones as 
/. indcterminatuSy Walcott,^ much resembles our species in the peculiar course of 
the axial furrows and long glabella, but it differs in the greater distance of the 
eyes from the posterior margin. /. ladogensis. Holm,- from the Ordovician (B 3) 
of the Baltic provinces, agrees likewise in the general development of the axial 
furrows, but the eyes are smaller and more forward in position, and the glabella is 
strongly swollen and rises much high(»r than the cheeks. The inflation of the 
fixed cheeks between the ghil)ella and the eye-lobe and the j)Osition of the latter 
recall I. chudleifjhensif<, Holm,^ but in other respects the head-shield is quite 
different. 

^ Eajmond, * Aun. Carnegie Museum/ vol. iii, no. 2 (1905), p. 347, pi. 13, figs. 1, 2. 
2 Holm, 'Eev. Ostbalt. Silur. Trilob.' (*Mcm. Acad. Imp. Sci. Si. Pt'tersb.,' vol. xxxiii, no. 8, 
1886), p. 113, pi. iii, figs. 5 a— c. 

» Ibid., p. 101, pi. iii, figs. 1, 3, 4. 



LICHAS GRAYI. 167 

Family PROETrDit]. 
Genus CTPHASPIS, Burmeister. 
Cyphaapis megalops (M'Coy). 

1904. Cyphaspis megalops, Beed, supra, p. 82. 

The only specimen of this species from the Grirvan area which had previously 
come under my notice was the one in the Sedgwick Museum from the Mulloch Hill 
Group of Mulloch Quarry as mentioned on p. 82. But in the recent material 
collected by Mrs. Gray a nearly complete individual showing the head, thorax, 
and pygidium has been recognised from the Starfish Bed (Drummuck Group), 
Thraive Glen, which is a new horizon and locality for this species in the Girvan 
area. Only the free cheeks in this specimen are missing, and it exhibits all 
the typical characters. It has been found in the Sholeshook Limestone and 
Slade Beds of the Haverfordwest district.^ 

Genus MENOCEPHALUS, Owen. 
Menocephalus? (Tdmquistia) cf. nicholsoni, Reed. 

1904. Menocephalus (Tdmquistia) cf. nicholsoni, Reed, supra, p. 86, pi. xii, figs. 3 — 7. 

This species has only been previously identified from the Balclatchie Beds, but 
I have detected one indubitable (though somewhat flattened) head-shield showing 
the usual characters in the Middle Bala of Whitehouse Bay. The true generic 
position and aflBnities of this species arc as obscure as ever. 

Family Lichadid^. 

Genus LICHAS, Dalman. 

LichaB (PlatylichaB) grayi, Fletcher, var. ind. Plate XX, fig. 12. 

One well-preserved head-shield without the free cheeks deserves notice, as it 
differs from typical examples of L. grayi, var. scoticus {mpra, p. 100), by possessing 

1 Reed, 'Geol. Mag.' [5], vol. ii (1905), p. 98. 
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a longer and narrower central lobe to the glabella and more elongate bicomposite 
lobes. There is also a faint trace of the posterior part of the axial furrows as in 
L. hidhicepSy and the occipital lobes are snbquadrate as in that species. The whole 
head-shield measures 12*25 mm. in length, of which the glabella occupies 10"o 
mm. ; the width of the latter at its anterior end is 8*75 mm., and at its base 9 mm. 
between the posterior ends of the axial furrows on the outside of the occipital 
lobes. The bicomposite lobes, which do not converge strongly posteriorly, measure 
b'7b mm. long by 3 mm. wide. The width of the base of the central lobe between 
the inner angles of the occipital lobes is 4*5 mm. 

AVe can hardly separate this form from L. grmji or its variety scotieiiSj but it 
offers ceitain interesting deviations from the typical proportions of the Wenlock 
examples of the former, and they point in an opposite direction to those exhibited 
in the variety scotiais. 

Collection. — Mrs. Gray. 

IJorhon and LoatUff/. — MuUoch Hill Group (L. Llandovery) : Mulloch Hill. 



LIST OF SPECIES. 



Family Aonostid.b. 

Afjnutffus iujnostiformis (M*Coy). 
yirvanensis, sp. nov. 
lierrutjaius, Bjwt. 
ianhiB, Barr. 

Family HARPEDiDiE. 

Harpes flanagani, Portl. r 
sp. ind. (a) to (c). 

Family Trinucleidje. 

Tri nucleus hucJclandi, Barr. 

? macconochiei, Eth. and Nieh. 
,, suhradiatus, sp. nov. 

sp. ind. (a) to (g). 
Am pyx tlepressus (An^.) ? 

ilrummucJcctisis, sp. nov. 
homei, Eth. and Nich. 
„ incurvu8f sp. nov. 
„ macallumi, Salt. 
„ mammillatuSf var. anetinif Portl. ? 
„ cf . foveolatuSy Ang. 
„ cf. scanicus (Ang.) 
Dionide lapworthi, Eth. and Nich. 
„ richardfonij sp. nov. 



Family Olenidje. 

Triarthrus hecki, Green ? 
Apatokephalus, sp. 

Remopleurides harrandei, Eth. and Nich. 
„ {Teratorhynchus) hicornU, 

sp. nov. 
colhii, Portl. ? 
correctvs, sp. nov. 
dorsospinifer, Portl. 
longicostatus, Portl. 
„ salteri^ Beed, var. nov., 

girvanensis. 
,. cf. nanus (Herz. v. Leucht.) 

„ cf . platyceps, M*Cov. 

Shumardia scotica, sp. nov. 
Salieria primwva, Wyv. Thorn. 
Telephusfradus, Barr. 

Family Asaphidj;:. 

Asaphus (Isotelu*) gigas, De Kay? 
M M instahilis, sp. nov. 

,, sp. ind. 
Stygina laiifrons (Portl.) 
Cyclopyge armata (Barr.). 
„ rediviva (Barr.). 
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Family Asaphidje — continued, 

Cjfclopygej cf. gigantea (Barr.). 
Bohemilla, sp. 
lUaenua aemuhcs. Salt. 
var. 

„ hcUclatchiensidj sp. noY. 

„ barrienna (Murch.). 

,, bowmani, Salt. ? 

„ „ var. longicapitaiuSy Reed. 

„ davisi, Salt. ? 

„ extensile, sp. nov. 

„ ^ti«, M'Coy. 

M macallumiy Salt. 

memorahilisj sp. nov. 

„ murchisoni. Salt. ? 

„ nexilis. Salt. 

„ portlocJci, Salt. 

„ shcUhchensis, sp. nov. 

„ thomsoni, Salt. 

„ cf . oculosuSf Holm. 

„ cf . perovalis, Murch. 

„ sp. ind. (a). 

Family PsoETiDiE. 

ProetuB girvanensisj Eth. and Nich. 

lati/rons (M'Coy). 

procerus, Eth. and Nich. 

pseudolati/rons, sp. nov. 

stokesi (March.). 

cf . ohconicus, Lindstr. 

sp. ind. 
Cyphaspis megcdops (M*Coy). 
Arethusina konincki, Barr. ? 
Phillipsinella parabola (Barr.). 
Menocephalus ? (Tomquisiia) cf . nicholsoni, 
Eeed. 

Family Bbonteidje. 

Bronieus andersoni, Eth. and Nich. 
„ craigensis, sp. nov. 
„ grayi, sp. nov. 
,, sp. ind. (a) and (&). 
Bronteopsis ardmillanensis, sp. nov. 
„ scotica. Salt. 

Family Lichadidje. 

Lichas {Corydocephalus) anglicus (Beyr.). 
,, M geikiei, Eth. and 

Nich. 
„ „ sctUalis, Salt. 



Family LiCHADiDiE — continued. 

Lichas {Corydocephalus) cf. wesenbergensis, 

Schm. 
„ (Platylichas) grayi, Fletch., var. 

nov., scoticus. 
„ „ var. ind. 

„ „ laxaius, M'Coy. 

„ (Metopolichas) bulhiceps, PhilL var. 
„ ,, aff. marginatum, 

Lindstr. 
„ {Amphilichas) hibernicus (Portl.). 
„ ,f sp. 

„ {Conolichm) cf. sequihba, Steinh. 
„ sp. ind. (a). 
Lichapyge ? problematical sp. nov. 

Family Acidaspid^. 

Acida^pis barrandei, Fletch. and Salt. 
„ callipareos, Wyv. Thorn. 
„ coronata, Salt. 
deflexa, Lake. 
„ grayse, Eth. jun. 
„ hystrix, Wyv. Thorn. 
„ lala^e, Wyv. Thorn. 
„ dalecarlica, Tornq. ? 

Family Enceinubid^. 

Encrinurus punctatus (Brunn.), var. 

ca/carew«. 
var. 

arenaceus. 
„ muUisegmentaius, Portl. 

Cybele cf . aspera, Linnars. 
„ belMulu (Balm.) ? 
„ loveni, Linnars., var. nov. girvanensis. 
„ verrucosa, Dalm. ? 
„ sp. ind. (a) and (5). 
Dindymene cordai, Eth. and Niih. 

Family CALYMENiD-fi. 

Calymene blumenba^hi, Brongn. 
„ „ var. nov. 

drumm uckensis . 
„ camhrensis. Salt. 
„ planimarginaia, sp. nov. 
„ sp. ind. (a) and (6). 

Family Cheisubida. 

Cheirurus bimucronatus (Murch.). 
„ gelasinosus (Portl.). 
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Ckeinnu fgLuUf^ms i FV>ctL • w r S/Ajrmwlw mirM, Bejr. 

yCyrt^m^^fmt Kt-jZ-jUtm^ SimmneejAaimi glMeep$ (PortL). 

t X\\}5 ). Piiamerm, wp. 

\ Wtt. IVml ; . F^miitf Pkacopid& 

4|v »>▼. « (PAoco/mlettii) doimiii^ (Murch.) ? 

^r.««^i :ri<f««iwm*, Yo«w:. - « deganf (Sara and 

sjv ».a» aad v*'- Boeck). 

i)Wi<Jk>» /Vr**«\ Barr. .. (Ckatmopa) hisuH, sp. nov. 



STRATIGRAPHICAL DISTRIBUTION. 
ORDOVICIAX. 

Stixckjlb Lixsnoxi Gboup. 

FtiMi/y Hakpbdidjb. Ifar^e* ,ifa»«iyajii. Portl. r : Harp^f. sp. ind. (r). 

FuMi/y Tbixuclbidjb. TriNiiW^ii#. tp, ind. (y.) : AmpfM cf./arwJa/iw, Ang. 

Family OLBXiDiB. E^m^piemridt* cf. MdNiM. H. t. Leacht. 

itimi/y AsAPHiDiE. j1m/4b#. sp. ind. : Iktmus darifL Salt. ? : /. laims, M*Coy ; J. murcAwoiii, Salt. ? ; 

/. poHhKki. SiUt. ; J. cf. /yA>ru/i#. Murcli. : /., sp. ind. (a). 
i\iMi7y Brontbidje. Bn^mien* cm yen^iV. sp. nor. ; B. jfniyv, sp. nov. ; B., sp. ind. (a) and (6) ; 

.' Bfivmitopti* «ct4ica. Salt. 
Family Lichadidjk. LiVAtw (AmpkilickM) hib^rmicm*. Portl. 
Family Encbinukidjb. Emerimunu immciaiu* (Briknn.), Tar. anmoceiif. Salt. ; f Cybde hellaiula, 

Daim. ? : C. rermcoAi. Dalni. r 
Family Caltmexidjk. CV^<*H<f nim^reiiWir, Salt. 

Family Cheibukidjs. (^AeimrM gehwHo*Mf, Portl. : S}^\*reJcockMS Minis, Bejr. ; Pliomera, sp. 
Family Phacopidjb. *r PAoco/m {PterygomeiopM*) brom^ptiarti^ Portl. 

Balcultchib Gkoup. 

Family AoNOSTiDiG. Agnosius girraneHsif, sp. nov. 
Family Harpedidje. Harpet Jlanagani, Portl. r. 

i^\iin//y Trinucleid^. TriM ucleus f maceouochiei, Eth, and Nicb. ; T, tubi-adiatHS, sp. nov.; Ampyx 

hamei, Eth. and Nich. ; ^. macallumi. Salt ; J. incurvHS, sp. nov.; ^. mammi/- 
/a<ii«, var. austini, Portl. 
Family Olenidje. 2Viar/Arw« fceciki. Green 'r ; ApatokephaluSy sp. ; Remopleuridesbarrandei, Eth. and 

Nich. ; JB. {Teralarhynchus) bicornis, sp. nov. ; .K. carrectvs, sp. nov. ; £. ciorsa- 

spinifer, Portl. ; i2. longicostatua, Portl. ; 12. salteri, Eeed, var. nov., ^tnHiiieiim ; 

SaXleria primseva, Wy v. Thorn. 
Family AsAPHiDA. ^^op/itM (hotelus) gigas, DeKaj ? ; A. (J.) irutabilis, sp. nov ; Illxnus halclatck' 

iensis, sp. nov. ; ? J. /a/tt», M*Coy ; J. cf . oculosus, Holm. ; I. iitemora6t7w, sp. 

nov. 
Family Pboetidjk. Arethvsina kcnincki, Barr. ? ; Menocephalus (Tornquislia) cf. nichohoni, Bc-ed. 
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Family Bsontbidjb. Branteopna ardmiUanensis, sp. nov. ; B, scoiica, Salt. 

Family Lichadidjb. lAchas (Corydocephalus) cf. wesenbergensiSf Schm. ; L, (Platylichas) laxcUus, 

M'Coy ; L. (Amphilichas) hihemicua, Portl ; L, (Amphilichas), sp. ; L,, sp. 

ind. (a). 
Family AciDASPiDiE. Acidaspie graym, Eth. junr. ; A, hysfrix, Wyv. Thorn. ; A, lalage, Wyr. Thom. 
Family Encbinusida. Encrinurus punctattts (Brunn.), var. arenacetM, Salt. ; Cyhele cf . aspera, Linn. ; 

0. hellatula, Dalm. ? ; C, sp. ind. (a) and (6) ; Dindymene ? sp. ind. 
Family CAiiTMBNiDA. Calymene camhrensis, Salt. ; C, sp. ind. (a) and (6). 
Family Cheibusidje. Cheirurus gelasinosus, Portl. ; C. gelasinosus, var. ? ; 0. (Nieszkowshia) unicus, 

Wyv. Thom. ; C (Sphierocoryphe) thom$oni, sp. nov ; C, sp. ind. (a) and (6) ; 

Sphferexochus mirua, Bejr. ; ? Staurocepihahis ghhiceps, Portl. 
Family PnACOPiDiE. Phacops (Plerygometopus) hrongniartij Portl. 

Whitehouse Qboup. 

Family Agnostida. Agnostus perrugatus, Barr. ; -4. tardus, Barr. 

Family Habpedida. Harpes, sp. ind. (a). 

l^awitVy TBiNUCLBiDiE. Trinuclem, sp. ind. (a) to (/) ; Ampyx dep^'esatta (Ang.)?; -i. cf. aeanieus 

(Ang.) ; Bionide lapworthi, Eth. and Nich. ; D. richardsoni, sp. nov. 
Family Olenida. Shumardia scotica, sp. nov. ; Telephus fr actus, Barr. 
Family Asaphidjb. Stygina laiifrons (Portl.) ; Cyclopyge amnata, Barr. ; C rediviva, Barr. ; C cf. 

gigantea, Barr. ; Bohemilla, sp: ; Uleenus shaUochensis, sp. nov. 
Family Pbobtida. Menocephalus ? {T'&mquisiia) cf. nicholsoni. Reed. 
Family Lichadida. Idchapyge ? prohlematica, sp. nov. 
Family AciDASPiDiE. Acidaspis daXecarlica, Tomq. P 

Family Encbinubida. Encrinurus muUisegmentatus, Portl. ; Dindymene cordai, Eth. and Nich. 
Family CHsiBUBiDiB. Cheirurus (Sphserocoryphe) thomsoni, sp. nov. 

Dbummuck Gboup. 

Family Agnostida. Agnostus agnostiformis, M'Coy. 

Family Tbinuclbidje. Trinucleus buckfandi, Barr. ; Ampyx drummuckensis, sp. nov. ; Dionide 

richardsoni, sp. nov. 
Family OLBNiDiE. Bemopleurides colhii, Portl. ? ; i2. cf . platyceps, M*Coy. 
Family Asaphidje. lUsenus hounnani. Salt. ? ; J. howmani, var. longicapitatus, Beed ; J. extensus, 

sp. nov. ; I. shallochensis, sp. nov. 
Family Pboetidje. Proelus girvanensis, Eth. and Nich. ; P. procerus, Eth. and Nich. ; Phillipslnella 

parabola, Barr. ; Cyphaspis megalops, M*Coj. 
Family Lichadida. Lichas {Corydocephalus) geikiei, Eth. and Nich. ; X. (Metopolichas) bulbiceps, 
Phill. var. ; L. (Plaiylichas) laxatus, M'Coy ; L, (Conolichas) cf. lequiloha, 
Steinh. 
Family Encbinubidje. Encrinurus muUisegmentaius, Portl. ; Cyhele loveni, Linn., var. nov. girvanensis. 

Dindymene cordai, Eth. and Nich. 
Family Caltmbnid^. Calymene hlumenbaehi, var. nov. drummuckensis. 
Family Cheibubid^. Cheirurus himucronatus, Murch. ; C, (Cyrtometopus) octolohatus, M*Coy ; 

C, {Sphierocoryphe) thomsoni, sp. nov. ; Staurocephalus globiceps, Portl. 
Family Phacopidjb. ? Phacops (Pterygomstopus) brongniarti, Portl. ; Phacops (Chasmops) hisseti, 

sp. nov. 
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SILURIAN, 

MuLLOCH Hill Group. 

Family Abatkidjr. IlUenus macaUumi, Salt. ; J. nexilis. Salt. ; J. iham§anU Salt 

Family PROETiDiE. Prottua kUifrons, M'Coy ; P. stokeai, Murch. ; P. c£. obcanicus, Lindstr. ; P., sp. 

ind. (a) ; Cyphaspia megalop$, M'Coy ? 
Family Lichadidje. Lichas {Carydoeepkalus) ieutali$. Salt.; Xr. (P2a<y{icAa#) ^royt, Fletch., var. 

nov. Bcoticus ; L grayi, var. ind. 
Family AciDASPiDiE. Acidaapia catHpareos, Wyv. Thorn. ; A, eoronata. Salt. ; A. defiexa^ Lake. 
Family ENCKiNUBiDiE. Encrinurus punctaius (Brunn.), var. arenaceuB. 
Family Caltmenida. Calymene blumenhaehi^ Brong. 
Family Cheibubida. Deiphon forhesi, Barr. 
Family PHAcoriDiE. Phacopa {Phacopidella) elegatu (Sara and Boeck). 

Sauoh Hill Gboup. 

Family Abatuidx, lU^nua semului. Salt, var.; J. harrienais^ Murch.; J. ikomsoni^ Salt.; J. n€aBt{M, 

Salt. 
Family Pboetidje. Proetua latifrona, M'Coy ; P. atokesi, Murch. ; P. cf . cheanieua, Lindstr. 
Family Bbonteida. Brontetii anderaoni, Eth. and Nich. 
Family Lichadid-k. Lichaa (Corydocephalua) acutalia. Salt. ; L. {Plaiylichaa) grayi, Fletch., var. nov. 

aeoticua ; L. {Metopolichaa) ajff. marginaiua, Lindstr. 
Family Acidaspidje. Acidaspia callipareoa, Wyv. Thorn. ; A, coronata^ Salt. 
Family ENCRiNUBioiE. Encrinurua punctatua (Brunn.), var. calcareua and var. arencieeua. 
Family Caltmenidje. Calymene hlumenhachi, Brong. 
Family Cheibubidje. Cheiruma himucronatM, Murch. 
FamiVy Phacopidje. Phacopa (Phacopidella) downingife, Murch.?; P. {Pho/eapideUa) elegana (Sars 

and Boeck). 

Cambeoan Group. 

Family Habpedidje. Harpea, sp. iud. (6). 

Family AsAPHiDic. Illienua xmulua, Salt. var. ; J. harrienaia, Murch. ; J. thamaoni, Salt. 

Family Pboetidje. Proetua paetidolatifrona, sp. nov. ; P. atokeai, Murch. 

Family Bbonteid^. Bronteua anderaoni, Eth. and Nich. 

Family Lichadid^. Lichaa (Plaiylichaa) grayi, Fletch., var. nov., aeoticua. 

Family AciDASPiDiE. Acidaapia coronata. Salt. 

Family Encbinurid^. Encrinurua punctatua (Brunu.), var. calcareua. 

Family CHEiBUBiDiE. Cheirurua himucronatus, Murch. 

Family Phacopidji:. Phacopa (Phacopidella) elegana (Sars and Boeck). 

Penkill Gboup. 

Family AsAPHiDiB. Illienua wmulua, Salt, and var.; I. harrienaia, Murcb. ; ? J. nexilia, Salt; /. 

thomaoni, Salt. 
Family Pboetid.e. Prottua atokeai, Murch. 



GENERAL REMARKS. 173 



Family Bsonteidj::. Bronteus andereoni, Etb. and Nich. 

Family Acidaspida. Acidaejns harrandei, Fletch. and Salt. 

Family Encbikubid^. Encrinurus punctaius (Brunn.), var. calcareus. 

Family Calymekid^. Calym^ne blumenbachi, Brong. 

Family Chbibubidje. Cheirunut (Youngia) trispinosusy Young. 

Family Phacopid^. Phacopa (Phacopidella) elegans (Sars and Boeck). 



Baboany Gboup. 
Family Encbinubid^. Encrinurus punctaius (Brunn.), var. calcareus. 

Wen LOCK Gboup. 

Family Lichadid^. Lichas (Corydocephalus) anglicus, Bejr. 

Family Encbinubid^. Encrinurus punctatu^s (Brunn.), var. calcareus. 

Family Trjlcofidm, f Phacops (Phacopidella) doumingias, Murch. 



GENERAL REMARKS. 

The trilobitic fauna of the Lower Palaeozoic beds of the Girvan area shows 
certain 'marked characteristics which call for notice. Firstly, there is the occurrence 
of certain peculiar genera or subgenera known at present from no other region. 
Such are Brcniteopsis and Teratorhynchts. Secondly, some of the genera and sub- 
genera are not found elsewhere in the British Isles, though occurring in other parts 
of the world. The Bohemian genera Telephus^ Bohemilla, and Arethusina are 
included in this category, and the North European subgenera Nieszkoivskia and 
Youngia. Thirdly, there are several generic constituents which, though not 
unknown from other Lower Palaeozoic regions in the British Isles, are decidedly 
uncommon and rare; such are Apatokephalus^ Diomde^ Salteria, Tornquistio, 
Dindynieney and Sphserocoi^jphe. We may further note the unusual stratigraphical 
horizons at which certain of the genera occur. Thus Shumardia and Triarthrns 
occur here higher than is typically the case, while Arethusiiia and Tornquistia 
are represented at an earlier stage than usual. 

The occurrence of some forms identical with foreign and not British species is 
likewise remarkable {e.g. Agnostas perrugatns^ Cyclopyge armata, etc.), while others 
are less allied to members of English Palaeozoic faunas than to members of conti- 
nental faunas. It is thus seen that the Girvan trilobitic fauna is composed of sever al 
diverse elements. 

Local Species. — The large proportion of species peculiar to the locality first 
attracts our attention; even omitting doubtful or indeterminable species and 
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varieties, we can emunorate tlio following thirty-six species as peculiar to the 
Girvan area out of a total of 1 10 determinable or comparable species : 



Afjno^tus girvanens^is, 
TrinudeiM ttuhradiatm, 
A mpyx dm m m u ckensis, 
M hornei, 
„ marallumi, 
M inrvrvufit 
Dionide htpworthi, 

„ rirhardsoni, 
Itemopleu ridrg harm ndei, 

,f (Teratorhynrhuti) hirnrnis, 

„ correcins, 

Sh M ma rdia uroi ica, 
Salter in prhmtnm, 
AitaphtiH instahiiig, 
JIL'vn UH hnli'latrh iensis, 
ejrfrfisus, 
„ ifhallochenmiia, 
■maralhtmi. 



IlUenua memorahilit, 
Proeius girvanennt, 

,p prOC€TU$f 

Bronleu8 ander$ani, 
„ eraigensis, 
grayi, 
Brohteopns ardmillanensiB, 

„ scotiea, 

Lichas (Corydocephaliu) geikiei, 
Acidaspis calliparea$t 
grayte, 
hydrix. 
Mage, 
Dindymene eardai, 
CheiraruB {NienkowBleia) %n\eu$, 

„ {Sphserocoryphe) thotMonu 
„ {Youngia) trispinosus, 
Phaeops {Chasmops) hisseti. 



If WO were t^) include the forms which are at present too imperfectly known to 
1)0 spocifioally designated, the number would be still larger. 

Ilrltlnh Sitrrirs. — The second principal element of the Girvan trilobitic fauna 
consists of the species occurring elsewhere in the British Isles, and it includes the 
following: 



AfjnoHtttA agnotttifarmu. 


Illxnus porthcki. 


^Encrintirus puneiaiua. 


IlarpvHflatiagani, 


• „ thomaoni, 


M muUisegmeniatuBy 


Trill uriviis biirkfaiidi, 


*Proetu8 laixfroiiSt 


? Cybele verrucosa. 


Rt*iii oplvu rid em eolhii. 


• „ pseudoMifrom, 


*Calymene hlumenhachi. 


dnrsospinifer. 


• „ stokesi. 


„ cambreneie. 


hnujicontatus. 


• Cyphaspis m egalops, 


M planimarginaia. 


saJteri, 


Ph itlipfinella pa rahoja . 


Cheirurus himueronaivs. 


Asaph 11 A gitjaa. 


• L iehas a tujlic hs. 


„ gelasinosvs. 


Sfijijiiia lafi/rofin. 


• „ scuialis. 


,y octolobalus. 


*!lhi,'nis temufiis. 


•/ ,. grayi, 


*Deiphon forhesi, 


* „ harriensin. 


„ hulhiceps. 


Sphivrexochus mirus. 


/ ,, hinniiaiii. 


„ hihemicm, 


Stanrocephalua globiceps. 


f „ daeitii. 


*Acidaspis harrandei, 


Phacopa hrongniarti. 


,. lafim. 


• „ coronata, 


• f „ dotPnifi^iK, 


/ „ inurehisoni. 


• „ deflexa. 


• „ elegans. 


• .. iiexilis. 







(AT.T?.— Tlie Silurian species are marked •.) 

Thus forty-six species (or omitting the six doubtful ones, only forty species) 
are common to the Scottish and other British areas. This is only a few 
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more than the definitely determined peculiar Girvan species. There have been 
described in the preceding memoir 135 distinct species and several varieties; and 
even if we cut out those which cannot be identified or compared with described forms 
from any region, we still are left with less than one third of the whole number 
of species which are known from other localities in the British Isles. The local 
Girvan element has been shown to form nearly as large a proportion of the whole. 
Moreover, it cannot fail to be noticed that, considering the relative abundance of 
species in the Ordovician and Silurian beds, the majority of the typical British 
forms do not appear till Silurian times. Out of the total number of twenty-seven 
Silurian species recorded in the Girvan area there are nineteen British species, as 
the above list shows ; while out of the total eighty-three determinable Ordovician 
species of Girvan there are only about twenty-five occurring elsewhere in tbe 
British Isles, and many of these are rare or occur typically only in Ireland. The 
proportion of the British element is therefore much larger in Silurian times than it 
was in Ordovician times, and seems to indicate a sudden inrush of species from the 
south at the beginning of the Llandovery period by the breaking down or removal 
of some intervening barrier. 

Foreign Elements, — The two elements of the trilobitic fauna which have been 
above mentioned are not the only ones which can be isolated. There is a distinct 
Bohemian element represented by the following species : Agnostus perrugatus^ 
A. tardus^ Telephus fractas, Gijdopyge armata^ G. rediviva^ Bohemilla^ sp., Arethusina 
koniiichi. With the exception of the last-named species they are confined to one 
horizon — the Whitehouse Group. 

The Baltic or North European element is more widely distributed, ranging 
through the whole Ordovician, and is represented not so much by identical species 
as by alhed species or by others belonging to some of its peculiar genera 
Nieszkowskia, Sphaerocorijphey Youngia^ etc. We may enumerate the following 
forms : 



Ampyx depre$8U8 ? 

„ cf . foveolaiuSt 

„ cf . acanicvs, 
ApatokephcUua sp. (also in S. Ireland), 
Remopleurides cf . nanvs^ 
lUasnus cf . oculo8U8, 
Proetus cf . ohcanicvs, 
Lichas aff. marginatvSt 



Lichaa {Oonolichas) cf. asquiloha, 

Acidaspis dalecarlica^ 

Cyhele cf. aspera, 
„ bellaiula ( 

Cheirurus (Nieszkowskia) unicus, 

„ (SphaBrocoryphe) thomsoni, 

„ {Youngia) trispinosus. 



Individuality of the Fauna, — In spite of the various constituent elements of the 
trilobitic fauna, its individuality is strongly marked by the number of its peculiar 
species and the presence of two peculiar genera. The individual character which 
it thus possesses is most conspicuous during Ordovician times, tbe local element 
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being almost absent on entering the Silurian period, when the general features of 
the common British fauna overspread the area. 

Oeogrnphwil DistribvHon. — The recognition of more or less distinct zoo- 
geographical marine provinces in Europe in the distribution of trilobites during 
Lower Palaeozoic times is mainly due to Freeh ; ^ and though recent work has 
rendered some modification necessary in his lists of peculiar genera or subgenera 
supposed to be characteristic of the several provinces, yet the main principles may 
be regarded as well established. The existence, in fact, of four distinct provinces 
is supported by an ever-increasing amount of evidence. To what extent these 
geographical divisions hold good with respect to other zoological groups of 
organisms during the same period remains largely still uninvestigated. 

The British Isles belong, according to Freeh's scheme, to the North Atlantic 
marine province, the Baltic and Bohemian-Mediterranean provinces being distinct. 
The invasion of England by Baltic forms has been referred to by me on a former 
occasion,- but the genus Nieszhowshia has not been mentioned previously in this 
connection. The contingent from the Bohemian province in the Whitehouse Beds 
is of much interest (apart from Arethusiiia konrncki?^ which occurs in the 
Balclatchie Beds) ; it appears and disappears with equal suddenness. 

The relation of the trilobitie fauna of the Pomeroy and Waterford areas to that 
of the Girvan district is deserving of notice. In the case of the Waterford area 
the presence of a Scandinavian element has been pointed out;^ and there is a 
resemblance, though faint, in the Waterford and Girvan trilobites, as sho>\'n by 
the occurrence of the rare genus Apatol-ephalas (= Trainoria) and of allied or com- 
parable species, apart from widely distributed British species, such as PItacops 
hronrimarfi. The Drummuck Beds in the Girvan area contain several species 
identical with those of Keisley and Kildare {e.g. Llchas hulbiceps^ Beinopleurides 
rolhii, PhiUipdnella parabola^ etc.), but with the possible exception of the first 
mentioned, all these species occur elsewhere. The Scandinavian element at 
Keisley has been elsewhere referred to as especially strong, but it is less prominent 
at Drummuck. The characteristic species of this horizon of the Bala series have a 
remarkably wide horizontal distribution. 

But on the whole the communication between the different basins of deposition 
in Ordovician times in Europe, and even in the British Isles, seems to have varied 
irregularly in degree and in duration. The determining factors in the migrations, 
counter-migrations, and interchange of faunas were undoubtedly physical to a 
large extent, but we must not forget that biological influences, the importance of 
which it is at present impossible to estimate when dealing with fossil faunas, were 
probably also at work, and may ultimately help to explain the many puzzling 

1 Frecb, *Leth. Palaeoz.,' vol. ii (1897), pp. 88—95. 

2 Reed, * Quart. Journ. Geol. Soc.,' vol. liii (1897), pp. 96-100. 
^ ReeJ, •Quart. Journ. Geol. Soe.,' vol. Iv (1899), pp. 768—770. 
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sudden appearances and disappearances of the foreign species in British areas and 
the seemingly sporadic distribution of certain types. 

Vertical Bange of Genera. — Apart from the general characters of the whole 
assemblage of trilo])ites in the Girvan area we may notice certain peculiarities of 
stratigraphical distribution. Thus the restriction of the genus lirontcus to the 
Stinchar Limestone Gi'oup in the Ordovician is remarkable, and it is the earliest 
known occurrence of the genus in the British Isles. A species from the Upper 
Bala of Kildare, D. andersoni from the Saugh Hill, Camregan, and Penkill 
Groups, and another from the Wenlock Limestone of Dudley, are the only other 
representatives of the genus till we reach the Devonian, where its maximum 
development takes place. The allied genus Bronteopsis appears to be confined to 
the Balclatchie Group, and is only known in the Girvan area. 

The large number and variety of species belonging to the genus lllaemis is a 
feature on ever\^ stratigraphical horizon ; bat, unlike BroHtens and Bronteopsis^ the 
species are represented by abundant individuals in nearly every case. 

Bernopleurides occupies a much more prominent position than is usual, and in the 
Balclatchie Group members of the species U. harrandei and B. salten and of the 
peculiar Teratoi'hynchus bicornis are very numerous. 

Certain genera, or even families, are, on the other hand, much less developed 
than on corresponding horizons in England and Wales. Thus the genus Asaphiis 
is only represented by two species, and these are confined to the two lowest 
groups of beds — the Stinchar Limestone and Balclatchie Groups; and the 
PhacopidaB are rare in genera, species, and individuals ; the genus Valmanites^ in 
fact, is totally wanting. 

The vertical distribution of the genera and species is illustrated in the folio wing 
table, the occurrence of each species being indicated by a cross X . This table 
thus indicates the relative development of the different genera on the successive 
stratigraphical horizons, and brings conspicuously forward some interesting facts 
with regard to vertical range and variable representation. The Ardwell Group, 
the Barren Flagstone Group, and the Drumyork Group are omitted from the 
list of formations as they have so far yielded no trilobites. It must be remem- 
bered that the dominant genera of trilobites, as expressed by the number of species 
in each stratigraphical division, do not necessarily correspond with the dominant 
species of trilobites as indicated by the abundance of individuals. Statistics are 
not available to determine the " frequency values " of the various species ; ^ and 
although without special collecting with this object in view we cannot give a true 
and connected account of the development, movements, and adjustments of the 
trilobites in the Girvan area through the Ordovician and Silurian periods, yet 
certain changes in the proportionate specific representation of the genera and in 

1 Wiiliams, • Bull. 210. U.S. Qeol Surv.' (1903), pp. 10—41. 

23 
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their temporary invasion or desertion of the basin of deposition may be gathered 
from an inspection of the following table. 



GoncrtL. 



si. 



OQ 1^ D I SO 



Harpit . 

AmpyM . 
iHonid* 

Triarthrut , 

ApfittikejthtiluM 

RemopUuride* 

■ {Teraiorhytiihut) 
Shumardia . 
SalUria 
TeUphut 
Afaphnt 
8iygiHa 

ltlmnu$. 

Cyphaapit 
Areikutina . 
FhiUipginfUa 

M€noctphai at ( TCtrnqvi 
Mtia) . 

Br(mtcoptis . 

Lichm{€orydofephalHi 

— {Metopitlithn§) 

— {AmpkilichaM] 

AcidatpiM 
SnttinuntA . 

Dindyment! . 

Caiyfnene 

C'heir\iru$ 

— {Vyriomefopu*} 
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In tlie Stiiicliar Liniostone Group av(> notice 10 genera and sub-genera present, 
containing 2(5 species. The genera Illaynni< and BronteuH comprise more than one 
tliird of tlie number of species, and Jlheints appears also to be the richest in 
individuals. 

In the Balclatchie (irouj) 2i} ov possibly 28 genera occin* with 4G (or 48) 
species. RemoplenriilrSj AridaHjtis^ and AmpijA' take the lead. 

In the Whitehouse Group there are IG genera recorded and 26 species (or 
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perhaps only 24 species if we cut out two of the doubtful Trinudeus). The 
predominant genus is undoubtedly Trinucleus. Several rare and curious genera 
only occur on this horizon, and it is remarkable that the genus Cyclopyge is only 
known from these beds in the Girvan district, while in England and Wales it 
characterises lower horizons. 

The Drummuck Group has yielded 23 genera with 27 species. We get here 
the typical Upper Bala facies of the North of England, with Staurocephalus 
globicepSj Trinucleus bucJclandiy PhUlipsinellu parabola^ etc. But some peculiar 
genera and species occur. Most of the genera are represented by only one 
species, and it is diflScult to say which is the most abundant species. 

In the MuUoch Hill Group the number of genera has decreased to 10, containing 
17 species. Illmnus is prominent and so is Acidaspis^ but Froetus is perhaps no 
less conspicuous. As regards the abundance of individuals the species of Illaenus 
are undoubtedly first. 

The Saugh Hill Group contains 11 genera with 18 species. With the exception 
of the reappearance of Brontem^ after a long absence from this area the trilobitic 
fauna much resembles that of the Mulloch Hill Group. 

In the Camregan Group there are 9 genera. Harpes reappears. There are 
12 species present. 

The Penkill Group has only yielded 8 genera and sub-genera. Yonngia is 
peculiar to it. Illdenus is again the dominant genus and most abundant in individuals. 

The Bargany Group has only yielded one genus with one species ; and the 
Blair, Knockgardner, and Straiton Beds three genera, each with one species. 

The most persistent genus in the Girvan area is seen to be Encrinnrus^ but 
Illxnus comes second. The same species of Encrimirus^ represented by two 
varieties, is found in nearly every stratigraphical group. Many genera or sub- 
genera, on the other hand, are restricted to one formation. This is especially the 
case in the Whitehouse Group, which boasts six peculiar genera ; and the same 
number of genera or sub-genera is confined to the Balclatchie Group. 
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PLATE XIV. 

lichas (Corydocephalus) geikiei, Nicholson and Etheridge. 96. 

1. Pvj^iiliuiii. X 5. Starfish Beil. Tliraive Olen. Mrs. Gray's CJoUection. 

Lichas iCorydocephalus) cf. wesenbergenuB, Schmidt. 98. 

2. Pv^uUiim. \ r>. l>t>w Hill. Stni^wick Museum. 

Lichas (Corydocephalus) scutalis, Salter. 98. 

U. OIalH>lla. X l\. Nowlaiuls. Mrs. Graves Collection. 
4. l*)'^i(Uiuu. X 3. Sjimo Kvality and Collection. 

Lichas (Platylichas) grayi, var. nov. scoticus. lOO. 

r». Iloail-Khioltl. X 25. MulWh Hill. Mrs. Gray's Collection. 

lui. KiMiit viow of Haiiio 8|H.H:imon. x 2 5. 

i\. l>iU.o, aiiothor M|Kvimon. x 3. Same locality and Collection. 

Cut. Hiilo viow of Hanio H|HH*inion. x 3. 

7. II v|Kmttuinv X 2i. Uoii^h Neuk, MuUwh Hill. Same Collection. 

H. PvKi^linm. x 2. MiilKvh Hill, MuHeum of Practical Geology. 

1). I)itU». X W. ('niigi^iiH. Mrs. Gray *8 CoUwtion. 

10. lin|HTftv1 hoiul-MliioM, doubtfully referred to this species, x IJ. Camregan Wood. 

Mrs. (} ray's Collection. 

Lichas (Platylichas) laxatus, M'Coy. 102. 

11. liiiiN«rf(M*t lliorax and py^idium. x l.j. Thraive Glen. Mrs. Gray's Collection. 

12. ]Iy|H)Ht'Oiiu^ at.tiu*hed to same individual and in position, x 2. 

13. huiM^rftvt individual, showing heiul and thorax, x IJ. Same locality and Collection. 
1 3(1. Myc^ of same HiHH.nuion, side view, x 4. 

\\]b. l\)rtion of surfiu'o of same oye, showing lenses, x 20. 

Lichas (Metopolichas) bulbiceps, Phillips MS. 104. 

14. lleail-shield. x 3. Starfish Bed, Thraive Glen. Mrs. Gray's Collection. 

Lichas (Metopolichas) aff. marginatus, Lindstrom. 104. 

15. Head-shield, x li Woodland Point. Mrs. Gray's Collection. 

16. Hypostome, probably belongmg to this species. X 2. Same locality and Collection. 
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PLATE XIV. 

Fig. Paob. 

lichas (Corydocephalus) geikiei, Nicholson and Etheridge. 96. 

1. Pyjfidium. x 5. Starfish Bed, Thraive Glen. Mrs. Gray's Collection. 

Lichas (Corydocephalus) cf. wesenhergensis, Schmidt. 98. 

2. Pygidium. x 5. Dow Hill. Sedgwick Museum. 



Lichas (Corydocephalus) scutalis, Salter. 

3. Glabella, x 3. Newlands. Mrs. Gray*s Collection. 

4. Pygidium. x 3. Same locality and Collection. 



Lichas (Platylichas) grayi, var. noy. scoticus. loo. 

5. Head-shield, x 2^. MuUoch Hill. Mrs. Gray's Collection. 
5a. Front view of same specimen, x 2}. 

6. Ditto, another specimen, x 3. Same locality and Collection. 
6a. Side view of same specimen, x 3. 

7. Hypostome. x 2^. Hough Neuk, Mulloch Hill. Same Collection. 

8. Pygidium. x 2. Mulloch Hill. Museum of Practical Geology. 

9. Ditto. X 3. Craigens. Mrs. Gray's Collection. 

10. Imperfect head-shield, doubtfully referred to this species, x 1). Camregan Wood. 
Mrs. Gray's Collection. 



Lichas (Platylichas) lazatus, M'Coy. 102. 

11. Imperfect thorax and pygidium. x IJ. Thraive Glen. Mrs. Gray's Collection. 

12. Hypostome attached to same individual and in position, x 2. 

13. Imperfect individual, showing head and thorax, x ls< Same locality and Collection. 
13a. Eye of same 8j)ecimcn, side view, x 4. 

136. Portion of surface of same eye, showing lenses, x 20. 



Lichas (Metopolichas) hulbiceps, Phillips MS. 104. 

14. Head-shield, x 3. Starfish Bed, Thraive Glen. Mrs. Gray's Collection. 

Lichas (Metopolichas) aff. marginatus, LindstrOm. 104. 

16. Head-shield, x IJ. Woodland Point. Mrs. Gray's Collection. 

16. Hypostome, probably belonging to this species, x 2. Same locality and Collection. 
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PLATE XV. 
Lichas (Amphiliclias) hibemicnB (Portlock). 106. 

1. GlaWla. X \\, Cmi^head. Mrs. Gray's Collection. 

2. Imix^rfoct hoiul-shioia. x 2. Rilolatohie. Mrs. Gray's Collection. (Figured by 

Nioliol8*^n an<l Ethori«ll^^ ..;•. ri7.. fa*\ i. pi. ix. fip. 10.) 
I^ IlyiH^stonio. X 2. Sumo hx^ality and Collection. 

Lichas (Amphilichas), sp. 109. 

4. Inii^rfivt jjl:iU»lla. Nat. size. Dow Hill. Mrs. Gray's Collection. 
.*>. Portion of ploura. x 2. Same Wality and Collection. 

Lichas (Conolichas't of. 8Bqllil0^a, Steinhardt. 109. 

r». lm|KM'f(Vt lioad'shiold. x 5. Starfish Bo*l, Tliraive Glen. Mrs. Gray's Collection. 

lichas, sp. in I. no. 

7. Im|HM'fivt bi':ul-sliield. x 5. llrtlolatoliio (oonjrlomeniteV Mrs. Griy's Collection. 

Lichapyge ? problematical sp. nov. .lu. 

H. INijhliimi \sith thnv thorarir si»i:m«»nt>. x 7. ^Vlli^t^^oll^e liay. Mrs. Griy's Coilfctioa. 
1>. I>itto. * 7. Siuno l^H-ality and OolUviion. 

10. I>i(to. X 7, Sanu» Wality and CVlIevtion. 

Acidasis barrandei, Flotoherand Salter. 112. 

11. Im|HMfivt lirad-sliiold. Nat. si/o. Ponkill. Mrs. (Cray's OolUvtion. 

Acidaspis callipareos, Wyy. Tiiomson. 112. 

12. ImiH»rfiH»t head-shield, x 2. Wixnlland Point. Mrs. Gray's Collection. 

13. Outline restoration from fi^urt* ^iven by Wyv. Thomson in 'Quart. Joum. Geol. Soc./ 

vol. xiii, 18r>7, pi. vi, fiji^. 11. 

Acidaspis coronata, Salter. lis. 

14. Py^^idium. x 2.J. Woodland Point . Mrs. Gray's Collection. 

Acidaspis deflexa, Lake. lis. 

16. Complete individual, x 3. Rough Neuk. Mrs. Gray's Collection. 

Acidaspis graysB, B. Etheridge. 114. 

16. Nearly complete individual, x 3. Balclatchie. Mrs. Gray's Collection. (Figured by 

Nicholson and Etheridge, op. eit,, fasc. i, pi. viii, fig. 26.) 

17. Ditto. X 3. Showing pygidial spines. Same locality and Collection. 

18. Outline restoration of pleura, showing terminal spines. 
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PLATE XVI. 

Pio. Paob. 

Acidaiipiii grays, B. Etheridge. 114. 

1. P>gidiuin. X 3. Balobtohie. Mrs. Graj's Colleetion. 

2. Hi'&ul.shioKl. x 4. Same localitv and CoUection. (figured bj Nicholson and 

Ethoriili*^, pi. viii. fic- IS. as J. /«i/«]^.) 



Acidaspifl hystrix* Wjv. Thomson. 116. 

3. Incomplete iinlividiial. x 4. Bilobtohie. Mrs. Graj's Colleetion. 

4. Pvgulium. X iv S.ime kvalitj and ColKvlion. 

5. Portion of thorax with py^ndium attached, x 6. Same locality and Collection. 



Acidaspis lalage, Wyt. Thomson. 117. 

6. Head-shield, x 6. Balolatohie. Mrs. Gray's Collection. (Figured by Nicholson 
and Etheridjre. op. cit., faso. i. pi. viii. fig. 21. » 



Acidaspis ef. dalecarlica, TOmquist. 119. 

7. Pygidium. x 4. ShalkK*h Mill. Mrs. Gray's Collection. 



Encrinurus punctatos (Brunnich), var. arenacenB, Salter. 

8. Pygidium. x 3. Miauutiou. Mrs. Gray's Collection. 



Encrinurus multisegmentatus (Portlock). 122. 

9. Portion of head-shield and of thorax, x 2.1. Starfish Bed, Thraive Glen. Mrs. Gray's 
Collection. 

10. Imperfect head-shield and thorax, x 2. Same locality and Collection. 

11. Nearly complete individual, partly enrolled, x 2^. Same locality and Collection. 
11a. Same specimen, showing margin of head-shield and position of hypostome. x 2^. 



Cybele cf. aspera, Lmnarsson. 128. 

12. Head-shield, x 2J. Ardmillan. Mrs. Gray's Collection. 

13. Ditto, showing genal angle, x 3. Dow Hill. Same Collection. 

Cybele bellatula (Dalman). 124. 

14. Head-shield, x 2j. Dow Hill. Mrs. Gray's Collection. 

15. Portion of thorax with pygidium. x 2. Same locality and Collection. 

16. Four thoracic rings, x 2.i. Same locality and Collection. 

17. Free cheek, probably belonging to this species, x 2^. Same locality and Collection. 
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PLATE XVII. 

Fio. Page 

Cybele loveni, yar. nov. giryanensis. i*-^ 

1. Head-shield with a few thoracic segments attached, x IJ. Thraive Glen. Mrs. Gray's 

Collection, 
la. Same 8i>ecimen, viewed from ])ehiud. x IJ. 

2. Another specimen of complete enrolled individual, x 2|. Same locality and Collection. 
2a. Same specimen, showiuj^ posterior part of thorax and pygidium. x 2i. 

3. Another specimen, showing genal 8i)ine and produced pleursB of 6th thoracic segment. 

X I J. Same h)cality and Collection. 

4. Pygidium of another individual, x 2. Same locality and Collection. 

Cybele, sp. ind. (a). 130. 

5. Head-shield, x 2J. Balclatchie. Mrs. Gray's Collection. (Figured by Nicholson and 

Etheridge, (pp. r//., fasc. ii, p. 203, pi. xiv, fig. 12, as Cheirunis ? sp. ind.) 

Cybele, sp. ind. (b). 130. 

(). hii|H'rfe(t liead-shield. x 3. Dow Hill. Mrs. Gray's Collection. 

7. Impn^Hsion of anotluT h(»ad-shield. x 3. Ardmillan. Same Collection. 

K. Pygidium, pr(>l>ahly lK»longing to this 8i>ecies. x 5. Dow Hill. Same Collection. 



Dindymene COrdai, Etheridge and Nicholson. 132. 

0. Complete individual, x 3. Thraive Glen. Mrs. Gray's Collection. 

10. Tmperf(»ct K|>('cinien, showing pygidium and thorax, x 3. Same locality and Collection. 

11. ImiH»rfeci lH»;Kl-sliiel<l, sliowing front margin. X 3. Same locality and Collection. 



Calymene blumenbachi, Brongniart. 133. 

12. Ilead-shioM. x 2.1. Mulhu-h Hill. Mrs. Gray's Collection. 

13. Head-shield of variotv. X 2.\. Newlands. Same Collection. 



Calymene blumenbachi, var. nov. drummuckensis. 135. 

Ik Hypost^mie. x 3. Thmive Glen. Mrs. Gray's Collection. 

Calymene planimarginata, sp. nov. 137. 

IT). Outline tnicing from Salter's figure of C. finiaria (/Mon. Brit. Triloh.,' pi. ix, fig. 8). 

Calymene cambrensis, Salter. 136. 

1(). Outline tracing from Salter's figuri\ op. cit., pi. ix, fig. 12. 
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Calymene blumenbachi, var. uov. dnunmuckensis. 135. 

1. Head-shield. Nat. size. Thraive Glen (Starfish Bed). Mrs. Gray's Collection. 

2. Complete individual. Nat. size. Same locality and Collection. 

3. Head-shield, x 1 i . Same locality and Collection. 

4. Pygidium. Nat. size. Same locality and Collection. 



CheiruruB gelasinosus (Portlock). 140. 



5. Glabella. Nat. size. Craighead. Mrs. Gray's Collection. 

6. Some thoracic segments. Nat. size. Same locality and Collection. 



Cheirurus gelasinosus, var. ?. 141. 

7. Glabella, x 2J. Balclatchie. Museum of Practical Geology. 

Cheirurus (Cyrtometopus) octolobatus (M'Coy). 141. 

8. Part of thorax with pygidium attached, x 2. Thraive Glen. Mrs. Gray's Collection. 
8a. Three anterior thoracic segments of same specimen, x 2. 

9. Head-shield, x IJ. Same locality and Collection. 

10. Head-shield. Nat. size. Same locality and Collection. 

11. Pygidium. x 2 J. Same locality and Collection. 

Cheirurus (Nieszkowskia) unicus (Wyville Thomson). 142. 

12. Nearly complete individual, x 2i. Balclatchie. Mrs. Gray's Collection. 

13. Glal)ella. x 2J. Same locality and Collection. 

14. Outline drawing of side view of head-shield, t-o show downward bending of same. 

15. Nearly complete individual, sliowing pygidium. x 2$. Same locality and Collection. 

(Figured by Nicholson and Etheridge, op. cH., fa.sc. i, pi. viii, fig. 10.) 

16. Pygidium. x 2J. Same locality and Collection. 

Cheirurus (Sphserocoryphe) thomsoni, sp. nov. 146. 

17. Imperfect individual, showing head-shield and pygidium. x 2. Tliraive Glen. Mrs. 

Gray*s Collection. 
17a. Outline restoration of thoracic pl<»ura of same, x 3. 
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Cheimros (Sphsrocoryphe) thomsoni, sp. nov. 146. 

1. Nearly complete individual (head-shield laterally compressed), x 2. Starfish Bed, 

Thraive Glen. Mrs. Gray's Collection. 

2. Pygidium, with last thoracic segment fused with it. x 2^. Same locality and Collection. 

3. Ditto. X 2. Balclatchie. Same CoUectiim. 

4. Ditto. Imperfect, x 2i. Dow Hill. Same Collection. 

0. Head-shield of variety ? x 2. Balclatchie. Same Collection. (Figured by Nicholson 
and Etheridge, op. cit., fasc. i, pi. viii, fig. 9, as Staurocephalus ? unicus.) 

6. Left half of head-shield of same variety, x 2. Same locality and CToUection. 

7. Imperfect head-shield of same variety, x 2^. Same locality and Collection. (Figured 

by Nicholson and Etheridge, op, cii., fasc. i, pi. viii, fig. 12, as Stauro, ? unicu9.) 

Cheimms (Yonngia) trispinoBUB, Young. 148. 

8. Glabella and occipital segment, x 2^. Penkill. Mrs. Gray's Collection. 

9. Ditto, with right cheek attached, x 2. Same locality and Collection. 

10. Ditto, with nuchal spine, x 1^. Same locality and Collection. 

11. Free cheek, x 2. Same locality and Collection. 

12. Axial ring of thorax, x 2^. Same locality and Collection. 

Cheirurus, sp. ind. (a). 149. 

13. Hypostome. x 5. Dow Hill. Mrs. Gray's Collection. 

Cheirurus, sp. ind. (6). 150. 

14. Hypostome. x 5. Balclatchie. Mrs. Gray's Collection. 

Cheirurus bimucronatus (Murchison). 138. 

15. Pygidium. x 2. Woodland Point. Mrs. Gray's Collection. 

Pliomera, sp. 153. 

16. Pygidium. x 3. Auchensoul. Mrs. Gray's Collection. 

Phacops (Pterygometopus) brongniarti, Portlock. 154. 

17. Nearly complete individual, x 2. Dow Hill. Mrs. Gray's Collection. 

18. Pygidium. x 2. Same locality and Collection. 

Phacops (PhaCOpidella) elegans (Bars and Boeck). 154. 

19. Head-shield, x 2. Bargany Pond Burn. Mrs. Gray's Collection. 

20. Pygidium. x 3. Woodland Point. Same Collection. 

21. Free cheek, x 2.J. Newlands. Same Collection. 

22. Head-shield, x 2J. Same locality and Collection. 

23. Complete individual, x 4. Same locality and Collection. 
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Fhacops (Chasmops) bisseti, sp. noy. 157. 

1. Complete individual, x U. liadv Bum. Mr. BisseVs Collection. (Pygidium fore- 

shortened owing t^ cur\'atiire of l)ody.) 
la. Side view of same specimen, x 1}. 
16. Pygidium of same specimen, x 2. 

2. Head-shield of same specimen from wax mould, x 2. 

3. Head-shield of another specimen, x 2^. Thraive Glen. Mrs. Qraj's Collection. 



Asaphus (Isotelus) instabilis, Beed. 162. 

4. Free cheek, x 2}. Dow Hill. Mrs. Graj^s Collection. 

Cyclopyge cf. gigantea (Barrande). 163. 

5. Pygidium. x 3. Whitehouse Bay. Mrs. Gray's Collection. 

Ampyx incurvuB, sp. nov. 161. 

6. Impression of side of head-shield, showing curved frontal spine, x 4. Dow Hill. 

Mrs. Gray's Collection. 

7. Head-shield, showing the lateral scara on glabella, x 2^. Ardmillan. Same Collection. 

8. Ditto, with several thoracic segments attached, x 3. Dow Hill. Same Collection. 

lUsdnus memorabiliSy sp. nov. 165. 

9. Middle portion of head-shield, x 2. Dow Hill. Mrs. Gray's Collection. 

lUsdnus bowmani, Salter. 164. 

10. Hypostome atUu'heil Xa) heatl-sliield of complete individual, x 2. Starfish Bed, Thraive 

Glen. Mrs. Gray's Collection. 

lUsdnus balclatcbiensis, Heed ?. 163. 

11. Hypostome. x 3. Bidolatchie. Mrs. Gray's Collection. 

Licbas (Platylichas) grayi, Fleuher, var. 167. 

12. Head-shield, x 2i. MuUcK-h Hill. Mrs. Gray's CoUection. 
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THE BKITISH CAMBEIAN TKILOBITES. 



INTRODUCTION, 

The ' Monograph of British Trilobites/ which was begun by Salter in 1864, 
and the completion of which was interrupted by his death in 1869, includes 
descriptions of the families to which he assigned the names PhacopidsB, Cheiruridae, 
Calymenidae, and Asaphidae. The forms with which he had dealt were, therefore, 
for the most part from the Ordovician and Silurian systems. The Carboniferous 
species were entirely untouched, and only one or two from the Cambrian and 
Devonian beds were described. Dr. Henry Woodward has since completed a 
Monograph of the Carboniferous Trilobites of Britain and Mr. Whidborne has 
described some of the Devonian species, but the Cambrian forms have received no 
further attention in the publications of the PalaBontographical Society. 

The long delay, however, has not been without its compensations. A mono- 
graph prepared in 1869 could have been no more than tentative, for at that time 
the rich material existing in the Cambrian of Scandinavia and Russia had been but 
imperfectly described and figured, and the specimens from our own beds are in 
many cases so extremely fragmentary and distorted that they could not of them- 
selves furnish a firm foundation for the critical discrimination of species. It is on 
this account that so much confusion exists as to the meaning of the specific names 
which have been already employed in Britain. 

In the following pages I have attempted, by means of a careful comparison 
with the much more perfect material available in Eastern Europe, to reduce our 
own species to order. But, as many of the Scandinavian forms are even now but 
poorly represented by published figures, I could hardly have attempted the task if 
I had not had the opportunity of examining the magnificent collections at Stock- 
holm, St. Petersburg, and elsewhere. And I owe this opportunity to grants for 
the purpose from the Trustees of the Worts' Fund of the University of Cambridge 
and from the Government Grant Committee of the Royal Society, to whom, there- 
fore, my thanks are in the first place due. 

In the course of my investigations, which, though often interrupted by more 

1 



2 BRITISH CAMBRIAN TRILOBITES. 

pressing duties, have now extended over a period of many years, I have received 
so much kindly assistance in the loan of specimens and in other ways that it would 
not be possible here to mention the names of all those who have helped me. But 
to Dr. Henry Woodward I am especially indebted for his continued encouragement 
in the study of a branch of science which he has made his own ; and to Prof. 
T. McKenny Hughes for the facilities which he has afforded to me at Cambridge ; 
while abroad my debt is greatest to one whom now I cannot thank, the late Prof. 
Lindstrom, of the Vetenskaps Akademi in Stockholm. 

In the present instalment I am also particularly indebted to Mr. Frank Raw, 
B.Sc, of the University of Birmingham, for allowing me to quote his descriptions 
of Agnostns dux and Agnostics caUavei^ together with his notes on their affinities. 
Mr. Raw has made a special study of the Shineton Shale fauna, including these 
two forms, but his results have not yet been published. 

Because of the imperfect condition of so many of our Cambrian fossils I have 
drawn special attention, wherever it seemed necessary, to those peculiar character- 
istics of each species which are least likely to be obscured in a poorly preserved 
specimen, and which at the same time serve to distinguish it from other forms 
with which it might be confused. These notes, which are added immediately after 
the formal description, will, I hope, prove useful to geologists who desire to 
identify species for stratigraphical purposes and who may have to depend entirely 
upon fragmentary and distorted specimens. It should, however, be borne in mind 
that species which are not closely allied to each other may possess a superficial 
resemblance which is likely to survive the effects of compression and distortion ; 
and I am sometimes compelled to compare forms which really differ widely from 
one another, and which could not possibly be confounded if they were perfectly 
preserved. 



SYSTEMATIC DESCRIPTIONS. 

Family AoNOSTiDiE. 

Genus AONOSTUS, Brongniart. 

The genus Agnostus has been divided by TuUberg into four sections, which are 
characterised as follows : 

(1) Longif routes. — This group is distinguished by the prominent glabella and 
pygidial axis, which are usually fairly long. The test is either smooth, or the 
cheeks are furrowed, or the test both of cheeks and tail is ornamented with 
raised points. The margin is usually narrow. The cheeks in front of the glabella. 
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and the lateral lobes of the tail behind the axis are separated by an impressed line 
(in most species). 

(2) Laevigata — Distinguished by the fact that the lines which should define the 
glabella and the pygidial axis are effaced. Test always smooth and shining, some- 
times with indications of furrows. The margin tends to vanish on the head, 
whereas on the tail it remains broad. 

(3) Limbati. — This group is distinguished by the fact that the shields are in 
general more or less quadrate in form. The head has a broad margin. The basal 
lobes are large. The cheeks in front of the glabella are not separated by any 
groove, nor are they furrowed on the sides. The tail is commonly provided with 
spines. 

(a) Regii. — Distinguished by its broad margin, the narrowness of the cheeks 
and of the lateral lobes of the tail, together with the breadth of the glabella 
(especially of the anterior lobe), and the shortness of the third segment of the 
pygidial axis. 

(b) Fallaces. — In this section the head is narrower, the margin not so broad, the 
cheeks large, the basal lobes tolerably large, and the third segment of the pygidial 
axis is the longest. 

(4) Par vif routes. — This group is distinguished by its feebly developed glabella, 
which is not lobed. 



Section Longifeontes. 
1. Agnostos flssuSy Lundgren MS. Plate I, figs. 1 — 3. 

1879. Agnoatus fisstts, Linnarsson, Om faiman i kalken med Conocoryphe exsulans, Sver. geol. 
Unders., ser. C, no. 35, p. 23, pi. ii, fig. 34. 

1880. Agnostus fissus, Tullberg, Om Agnostus-artema, Sver. geol. Unders., ser. C, no. 42, p. 16, 
pi. i, fig. 3 a — d. 

1896. Agno8tu8 fissus, G. F. Matthew, Trans. N. Y. Acad. Sci., vol. xv, p. 230. 
1896. Agnostvs fisms, var. trifissus, G. F. Matthew, ibid., p. 231, pi. xvi, fig. 10. 
1902. Agnostvs fistus, var. jyemigaia, Gronwall, Bomholms Paradoxideslag, Danm. geol. Unders. 
n raekke, nr. 13, p. 50, pi. i, fig. 1. 

Head rounded, with a narrow margin. Glabella bilobed ; anterior lobe small, 
subquadrate, rounded in front, where it is cleft by an impressed furrow ; posterior 
lobe slightly constricted a little in front of the middle, the anterior portion raised 
centrally into a slight keel, which bears towards its posterior extremity a small 
tubercle ; basal lobes small, triangular. Cheeks nearly equal in width throughout, 
separated in front of the glabella by a slight furrow; surface ornamented by 
irregular furrows which are often radiate. 
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Thorax : axis raised on each side into a small knob, and the central portion 
also slightly raised ; pleuraB of the anterior segment divided by a groove into a 
large anterior tubercle and a narrow posterior ridge ; in the posterior segment the 
groove is more nearly central. 

Tail rounded, ^vith a narrow margin. Axis divided into three segments ; the 
front segment is a little wider than the rest, is very short, and is tuberculate at its 
extremities ; the middle segment is hexagonal and is raised medially into a longi- 
tudinal keel ; the posterior segment is triangular, anteriorly it is about the same 
width as the middle segment, posteriorly it terminates in a blimt point. Lateral 
lobes of nearly equal width throughout and confluent behind the axis. 

Head- and tail-shields, 3-3'5 mm. in length and breadth. 

The only other British species yet known in which the anterior lobe of the 
glabella is cleft is A. reticulatits, which is at once distinguished by the reticulate 
markings on the cheeks. 

The axis of the tail differs from that of most other allied forms in the fact that 
it is not constricted at the second segment, so that the second and third segments 
form a triangle with slightly convex sides. The line of demarcation between these 
two segments is sometimes very indistinct (as in fig. 1). 

The species varies considerably in the character of the furrows which occur 
upon the cheeks and the lateral lobes of the tail. Sometimes these are rather faint 
and sometimes they are very strongly marked, and occasionally they may be seen 
on the glabella and the axis of the tail. Under the name trifissus Matthew has 
separated a variety which is characterised by the presence of "two additional 
furrows at the front of the glabella, one at each corner, beside the median furrow 
that characterises the type." Gronwall also separates another variety under the 
name yerrugata^ which is distinguished by two pairs of longitudinal furrows upon 
the cheeks. 

In view of the great variation which is to be met with in the markings, these 
varieties seem to be of slight value, and the British specimens suggest that those 
furrows which are not radiate are sometimes the result of the crumpling of a test 
which was originally soft. This view seems to be supported by the not uncommon 
occurrence of longitudinal furrows on the glabella and the axis of the tail. 

Horizon and Localities. — Menevian : near Nine Wells, St. David's; Dwrrhyd, 
near Solva. 



2. Agnostus punctuosus, Angelin. Plate I, figs. 4 — 6. 

1852. Afj)io8tu8 punduosusy Angelin, Pal. Scand., p. 8, pi. vi, fig. 11. 

1875. Agnostus punctuosusj Brogger, Geol. For. Stock. Forh., vol. ii, p. 576, pi. xxv, fig. 2. 

1879. Agnostus punctnosus, Brogger, Nyt Mag. for Naturv., yoI. xxiv, p. 67, pi. vi, fig. 12 a, b. 

1879. Agnostus punctuosus (var. affinis), Brogger, ibid., p. 68, pi. v, fig. 2 a, h. 
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1879. Agnostus punctiiosus (var. hipunctata), Brogger, ibid., p. 68, pi. v, fig. 2 c. 

1872. Agnostm scutalis, Salter (pars), Hicks, Quart. Joum. G^eol. Soc., vol. xxviii, p. 175, pi. v, fig. 9 

and perhaps fig. 10. 
1872. Agnvstua scardbaeoides, Salter, Hicks, ibid., p. 175, pi. v, fig. 8. 

1880. Agnostus puiictuo8U8, Tullberg, Agnostus-artema, p. 17, pi. i, fig. 5 a — d. 

1896. Agnosius punctuosiis, G. F. Matthew, Trans. N. Y. Acad. Sci., vol. xv, p. 232, pi. xvi, fig. 11 a, b 

Head rounded, with narrow margin. Glabella nearly triangular, bilobed ; the 
anterior lobe narrower than the posterior, triangular ; posterior lobe large ; basal 
lobes elongated, triangular. Cheeks separated in front of the glabella by a furrow 
(which is sometimes lost), surface granulate. 

Tail rounded, with narrow margin. Axis formed of three segments ; the 
anterior segment is wider but shorter than the others ; the second narrower than 
the rest, hexagonal, longitudinally keeled, the keel forming a projection at its 
posterior extremity ; the third segment forms an elongated isosceles triangle, with 
its point directed backwards and its basal angles slightly rounded. Lateral lobes 
granulate, united behind the axis, except in young specimens. 

Head- and tail-shields 4-5 mm. long and wide. 

The head of this species is easily distinguished from that of most other British 
forms by the triangular shape of the anterior lobe of the glabella and the scrobiculate 
surface of the cheeks. A. pisiformis possesses the former of these two characters, 
but its cheeks are smooth, the basal lobes are smaller, and the whole glabella is 
less nearly triangular in shape. 

The tail is easily recognised, even in poor specimens, by the elegant shape of 
the axis, narrow at the second segment, immediately afterwards, at the base of the 
third segment, widening, and then tapering regularly to a rather sharp point. The 
axis of the tail of A. exaratus is somewhat similar in outline, but in that form there 
is no trace of segmentation, and the axial and marginal furrows and also the furrow 
behind the axis are all very deep. 

Synonymy. — Agnostus scarahaeoideSy Salter, as described by Hicks, is clearly 
only a flattened and somewhat imperfect specimen of this species. In all the 
characters which it shows it agrees precisely with the Scandinavian form, excepting 
only that it is wider in proportion to its length, and this is apparently due to the 
flattening of a form which is most convex transversely. The original of Hicks's 
figure shows no furrow in front of the glabella, but this furrow is not always very 
distinct, even in the Swedish specimens of A. punctuosus^ and might easily be 
obscured in a poorly preserved specimen. 

The specimen figured by Hicks as the tail of Agnostics scutalis in ' Quart. Joum. 
Geol. Soc.,' vol. xxviii, pi. v, fig. 9, is a beautiful tail of Agnostus puTictuosus — 
probably, from its small size and the presence of a furrow behind the axis, a young 
individual. The specimen shown in fig. 10 of the same plate is probably a still 
younger stage (cf. Tullberg, ' Agnostus-artemsiy^ pi. i, fig. 5 c). 
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Types. — The originals of Hicks's A. scarabgeoides and A. scutalisj figs. 9 and 10, 
are in the Sedgwick Museum, Cambridge. 

Uoiizon aiid Localities. — Menevian : Porth-y-rhaw, St. David's ; Dolgelly. 

3. Agnostos davidiSy Salter. Plate I, fig. 7. 

1866. Agnostus davidis, Salter, Brit. Assoc. Eep. for 1865, p. 285. 

1872. Agnostus davidis, Hicks, Quart. Journ. Geol. Soc., vol. xxviii, p. 174, pi. v, figs. 2 and 4 (fig. 3 

is doubtful). 
1896. Agnoshis davidis, Matthew, Trans. N. Y. Acad. Sci., vol. xv, p. 225, pi. xvi, fig. 6. 

Head semicircular, with narrow margin. Glabella large, bilobed ; anterior lobe 
large, semicircular ; posterior lobe widens posteriorly, and is raised anteriorly into 
a large quadrate eminence constricted in the middle ; basal lobes large, elongated, 
triangular. The cheeks are wide posteriorly and contract forwards, and are 
separated in front of the glabella by a faintly impressed line; surface rugose. 

Thorax: axis broad, consisting of three raised portions, nearly equal in size; 
pleurae grooved, the groove in the first segment being near the posterior margin. 

Tail nearly semicircular, with a fairly wide flat margin. Axis broad, showing 
the segmentation very imperfectly, but it appears to have been divided into three 
segments, the first wide but very short, the second probably hexagonal and slightly 
keeled, while the last is broken. Lateral lobes rugose. Margin widens posteriorly. 

Head- and tail-shields G — 7 mm. long, 9 — 10 mm. wide. 

This form is still very imperfectly known, and most of the specimens which 
have been referred to it in our museums belong to other species, including such 
diverse forms as A. harramlei and A.fsaus. The most peculiar feature of Hicks's 
figured types (figs. 2 and 4) is undoubtedly the extraordinary elevation in the 
front portion of the posterior lobe of the glabella. The very large size of the 
species is remarkable, but the imperfect preservatiou of the types and the fact 
that no better specimens have yet been found which can be referred with certainty 
to the same species, unfortunately prevent me from instituting any satisfactory 
comparison with other forms. The characters of the tail in particular must still 
remain in doubt. 

Types. — The originals of Hicks's figures 2 and 4 are in the Sedgwick Museum, 
Cambridge. 

Horizon and Locality. — Menevian : Porth-y-rhaw, St. David's. 

4. Agnostus exaratus, Grcinwall. Plate I, figs. 8 — 10. 

1866. Agnoshis scutalis, Salter (pars), Brit. Assoc. Rep. for 1865, p. 285. 

1872. Agnostus scutalis, Salter (pars). Hicks, Quart. Journ. Geol. Soc, vol. xxviii, p. 175, pi. v, figs. 

12 and 13, and probably figs. 11 and 14 ; not figs. 9 and 10. 
1902. Agnostus exaratus, Gronwall, Bornholms Paradoxideslag, p. 77, pi. i, fig. 17. 



AGNOSTUS EXARATUS. 7 

Head rounded, with narrow margin, axial and marginal furrows very deep. 
Glabella convex, bilobed ; anterior lobe large, subquadrate, rounded in front ; pos- 
terior lobe nearly parallel-sided, but slightly constricted in the middle, with a 
small median tubercle ; basal lobes very small. Cheeks smooth, somewhat convex, 
separated from each other by a deep furrow in front of the glabella. 

Thorax : axis with a wide, central, raised portion and small lateral tubercles. 

Tail rounded, widest posteriorly, somewhat longer than wide, axial and 
marginal furrows very deep, margin rather wide. Axis convex, shows no trace 
of segmentation, slightly constricted towards the anterior extremity, terminates 
in a long sharp point ; it bears a prominent median tubercle in the anterior third, 
and the posterior extremity is somewhat depressed. Lateral lobes smooth, convex, 
widen posteriorly, separated from each other by a deep furrow behind the axis. 
Margin rather wide, expanded posteriorly. 

Head- and tail-shields about 5*5 mm. long, 5 mm. wide. 

The most striking characteristic of this form is the depth of the axial and 
marginal furrows and of the groove behind the axis of the tail, and these 
characters are not possessed to anything like the same extent by any other 
British species. In compressed and distorted specimens, however, the strength 
of the furrows is not always so conspicuous ; but in these cases the large rounded 
lobe of the glabella and the rather long and very pointed unsegmented axis of the tail 
are generally sufficient to distinguish the species. The axis of A. pu7ictuo8vs in its 
outline somewhat resembles that of A. exaratusy but the tail is easily distinguished by 
its segmentation and by the shallowness of the axial and other furrows, the absence 
of any furrow behind the axis (except a slight one in young forms), and by the 
fact that the lateral lobes diminish in width posteriorly instead of increasing. In 
perfect specimens there is not the slightest possibility of confounding the two. 

Gronwall has described the tail only, but some of our specimens show the head 
and thoracic segments also. 

Synonymy. — Salter's Agnostvs 8cutalu% as described by Hicks, includes at least 
two distinct species. The description of the head corresponds fairly well with the 
head of the species now described ; but the description of the tail is apparently 
based on specimens of A. punctuosus. Hicks's fig. 9 is an imperfect representation 
of a beautifully preserved tail of a young A. punctuosus ; fig. 10 is possibly a still 
younger form of the same species {cf. Tullberg, ^ Agnostus-SiTternsL^^ pi. i, fig. 5 c) ; 
the original of fig. 12 is a rather poor specimen of the species under description ; 
and the originals of figs. 11, 13, and 14 are unfortunately not known. Fig. 13, 
however, is clearly a specimen of the species here described, and figs. 11 and 14 
also probably belong to the same species. Several of the specimens in the 
Sedgwick Museum, labelled Agnostxis scutalis by Salter, certainly belong to 
Gronwall's Agnostiis exarahis. Owing to the confusion in the descriptions and 
figures of A. saitalisj it is clear that Salter's name cannot stand. 
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Types. — The original of Hicks's fig. 12 is in the Sedgwick Museum, Cam- 
bridge (also the originals of his figs. 9 and 10, which do not belong to this species). 

Horizon and Localities. — ^Menevian : Porth-y-rhaw, St. David's ; near Nine Wells, 
St. David's. 



5. AgnostuB reticulatus, Angelin. Plate I, fig. 11. 

1852. Agnostua reticulatus, Angelin, Pal. Scand., p. 8, pi. vi, fig. 10. 

1867. Agnostus nodosus, Belt, Gkol. Ma^., vol. iv, p. 295, pi. xii, fig. 3 a and 6. 

1880. Agnostus reticuJatus, Tullberg, Agnostus-artema, p. 23, pi. i, fig. 12 a, b. 

1882. Agnostus reticulatus, Brogger, Die Silur. Etagen 2 und 3, p. 57, pi. i, fig. 11 a, 6. 

Head semi-elliptical, with narrow margin. Glabella narrow, bilobed ; anterior 
lobe subquadrate, not very definitely marked off from the posterior lobe behind, 
nor always from the cheeks; frequently cleft in front by a deep furrow which 
extends forwards into the cheeks ; posterior lobe elongate, raised into a prominent 
tubercle about the middle; basal lobes small, triangular. Cheeks wide, nearly 
uniform in width, marked by numerous reticulate furrows which show a tendency 
to a radial arrangement. 

Tail semi-elliptical, with narrow margin, which bears a minute spine on each 
side. Axis long, narrow, divided into three segments ; the first segment is short 
and divided into three nodules ; the second is somewhat larger and is formed of 
a large central lobe, and two lateral lobes on each side ; the third segment is long 
and pointed, and divided longitudinally into three portions ; the central portion 
is divided transversely into a large anterior lobe, and a smaller posterior lobe ; the 
lateral portions are each divided into a number (six according to Tullberg) of 
small tubercles. The lateral lobes are wide and marked with reticulate furrows. 

Head- and tail-shields 3*5 — 5*5 mm. long and wide. 

Among the British species the only form with which A. reticulatus is likely to 
be confused is A, trisectus, which resembles it closely in the ornamentation of the 
cheeks, so that although the two species are very distinct, yet when badly pre- 
served they may be confounded with one another. The comparatively narrow 
glabella of A. reticulatus^ its indistinct basal lobes, and somewhat ill-defined anterior 
lobe will, however, usually suflice to distinguish it; while in the tail the narrow and 
pointed axis will generally be visible even in imperfect specimens. 

The British forms seem to be almost, if not quite, identical with those described 
by Tullberg from Scania. Tullberg, however, does not refer to the cleft in the 
anterior lobe of the glabella, and figures that lobe as much more distinctly defined 
than in our specimens. So far as the tail goes, there seems to be no difference, 
except that our specimens are seldom perfect enough to show the subdivisions of 
the axis, and sometimes only the central portion of the axis is at all distinct. 



AGNOSTUS PISIFORMIS. 9 

Brogger in his description states that the Christiania form does not agree 
precisely with TuUberg's figure and description, and in his figure the anterior lobe 
of the glabella is less distinctly defined than in TuUberg's. 

Horizon and Localities. — Lower Lingula Flags : Tyn-y-groes and Cefn Deiddwr, 
Mawddach ; Dolgelly ; ? St. David's. 



6. AgnostuB pisiformis (L.). Plate I, fig. 12. 

1757. EiitomolituB paradoxus y pisiformis^ LinnflBus, Iter. Scan., p. 122. 

1821. Eniomostracites pisiformis, WaMenberg, Petr. Tel. Suec., p. 42, pi. i, fig. v. 

1822. Agnostns pisiformis, Brongniart, Crust, foss., p. 38, pi. iv, fig. 4. 

1827. Baitus pisiformis, Dalman, Om Palsead., K. Vet. Akad. Handl. (1826), p. 258, pi. vi, 

fig. 5 a — d. 
1837. Battus pisiformis, Hisinger, Leth. Suec., p. 19, pi. iv, fig. 5. 
1837. Battus pisiformis, j3 spiniger, Hisinger, ibid., p. 20, pi. iv, fig. 6. 
1852. Agnosttis pisiformis, Angelin, Pal. Scand., p. 7, pi. vi, fig. 7. 
1869. Agnostus pisiformis, Linnarsson, Om Vestergotlands Camb. och Sil. Afiagr., p. 81, pi. ii, 

figs. 50, 51. 

1879. Agnostus pisiformis, Brogger, Nyt. Ma^. for Naturv., vol. xxiv, pi. vi, fig. 13 a, b, 

1880. Agnostus pisiformis, Tullberg, Agnostus-artema, p. 25, pi. ii, fig. 14 a, b, 
1882. Agnostus pisiformis, Brogger, Die Silur. Etagen 2 und 3, p. 55. 

1895. Agnostus pisiformis, Wallerius, Zone med Agn. Isevigatus, p. 43. 

Although the typical form of this species appears to occur in Britain, the 
specimens are much distorted, and I therefore give Tullberg's description and a 
copy of his figure. 

" Crusta laBvis. Limbus non angustus. Caput rotundatum, latum. Frons 
non longa, biloba. Lobus anterior rotundatus. Lobus posterior supra medium 
puncto elevato ornatus, postice rotimdatus. Lobi basales subtriangulares. Genge 
ante frontem lipea separatae. Pygidium latum, rotundatum, bidentatum. Rachis 
lineolis vix visibilibus triarticulata, postice fere rotundata. Articulus medius postice 
puncto elevato praeditus. Lobi laterales pone rachin non separati, postice angustati. 

" Long. & lat. clypeorum, 5 mm." 



6 a. Agnostus pisiformis (L.), var. obesus, Belt. Plate I, figs. 13, 14. 

1867. Agnostus pisiformis, var. obesus, Belt, Geol. Mag., vol. iv, p. 295, pi. xii, fig. 4 a — d. 

1880. Agnostus pisiformis, var. socialis, Tullberg, Agnostus-artema, p. 25. 

1882. Agnostus pisiformis, var. socialis, Brdgger, Die Silur. Etagen 2 und 3, p. 56, pi. i, fig. 10 a — c. 

Head rounded, with narrow margin. Glabella conical, bilobed; anterior lobe 
small and narrow in front; posterior lobe wider than the anterior lobe, widens 

2 
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posteriorly, with a median tubercle, basal lobes small. Cheeks smooth, or some- 
times with faint radiate markings, widest about the position of the anterior lobe, 
rather narrow in front of the glabella, where thej are separated by a groove which 
is sometimes obsolete. 

Thorax : axis divided into a central portion and two lateral knobs, all three 
approximately equal in size. 

Tail rounded, with narrow margin, which in some specimens bears very 
small spines posteriorly. Axis ^Wde, forming nearly half the width, and reaching 
nearly to the posterior margin. First segment represented by two lobes at the 
anterior corners; second segment hexagonal, the anterior angle separating the 
two lobes of the first segment, the posterior angle raised into a median tubercle ; 
posterior segment large, rounded posteriorly, with parallel sides. Lateral lobes 
very narrow, especially posteriorly. 

Head- and tail-shields up to 35 mm. in length and width. 

This variety is easily distinguished from the typical A. pisiformis by the great 
width of the axis of the tail, and by the fact that the anterior segment of the axis 
is represented only by two lobes at the anterior corners of the axis. In this latter 
character and in the general form of the pygidial axis, the species a{)proaches 
A. rinJis and A. sidenhladhi, of which it appears to be the ancestral form. From 
l)oth of these it is distinguished l)y the greater length of the glabella, while from 
the latter it is separated by the fact that the pygidial axis nearly reaches the 
posterior margin. The axis is also much more swollen than in any of the species 
mentioned. 

Although Belt's figure is rather rough, there can be no doubt that it is the 
same form as that described by Tullberg under the name socialis. 

Horkon and Loralities. — Lower Lingula Flags: Maentwrog Falls ; Mawddach 
Valley ; Dolgelly ; Trefgarn Bridge and Leweston Old Mills, Pembrokeshire ; 
Chilvers Colon (Stockingford Shales). In some cases the horizon is given as 
Menovian, in others Upper Lingula Flags, but these determinations may be 
doubted. 



7. Agnostus trisectus, Salter. Plate I, figs. 15, 16. 

1864. Agnostus trisectus, Salter, Mem. G^eol. Surv., Brit. Org. Remains, dec. xi, pt. i, p. 10, pi. i, 

fig. 11. 
1864. Agnostus princepSy var. a arnatus (pars), Salter, ibid., p. 4, pi. i, figs. 4, 5. 
1868. Agnostus trisectus, Belt, Geol. Mag., vol. v, p. 11. 

1878. Agiiostus turneri, Salter MS., Cat. Camb. & Sil. Foss. Mus. Pract. (Jeol., p. 12. 
1880. Agnostus trisectus, Tullberg, Agnostus-arterna, p. 24, pi. i, fig. 13 a, b. 

Head rounded, with narrow margin separated by a rather wide furrow. 



AGNOSTUS TRISECTUS. 11 

Glabella large, wide, bilobed. Anterior lobe large, peutagoiial, the base being 
at right angles to the axis, the sides parallel, while the front is formed by two 
lines which meet anteriorly at an angle of 90" or more; the posterior lobe im- 
pressed on each side a little in front of the middle, and raised centrally into a 
tubercle or keel; basal lobes large, forming each an elongated triangle, w^hich 
reaches about halfway up the side of the posterior lobe. Cheeks separated by a 
deep groove in front of the glabella, nearly equal in width throughout except 
posteriorly, where they are encroached upon by the large basal lobes ; marked by 
deep furrows which radiate outwards from the glabella to the margin, and are 
there interlined by other furrows which spring from the margin and extend 
inwards about halfway towards the glabella; in small, and presumably young, 
forms the furrows are much less strongly marked, and are sometimes almost 
obsolete. 

Tail somewhat quadrate, with a wide margin which is produced on each side 
into a small point. Axis broad, divided into three segments, of which the first 
two are short and the second narrower than the others. A prominent keel runs 
through the first two segments, and terminates posteriorly in a prominent over- 
hanging tubercle : in some specimens the keel seems to show traces of the furrow 
which separates the two segments ; the third segment forms about two thirds of 
the axis, is widest near its anterior extremity, and terminates obtusely some 
distance in front of the margin ; it is divided longitudinally into a median slightly 
raised portion, which is especially prominent anteriorly, and two lateral portions. 
Lateral lobes with a somewhat finely reticulate surface, confluent behind the axis, 
separated from the margin by a wide furrow. 

Head- and tail-shields, 4 — 10 mm. long and wide. 

In the ornamentation of its cheeks A. trlsectm presents considerable resem- 
blance to A. reticulatiis, and it is quite possible that imperfect specimens of the one 
may be mistaken for the other, especially if only the head is present. The much 
greater width of the glabella, the large triangular basal lobes, together with the 
fact that the front lobe of the glabella is perfectly defined, will, however, generally 
suffice to distinguish even an imperfect specimen of A. trisecUis. In the case of 
the tail there is very little difficulty, for in A. trisectus the width of the axis and 
the bluntness of its termination will usually be apparent even if the longitudinal 
division should not be visible. 

The very numerous specimens from our various British localities generally have 
the anterior lobe of the glabella much more obtuse in front than is represented in 
TuUberg's figure; and, indeed, the more perfect specimens show it to be distinctly 
pentagonal in shape. In many cases also the lateral indentations of the posterior 
lobe are very distinctly marked, almost separating two lateral nodules on each side 
from the smooth central portion, much as TuUberg has described in the case of 
A. reticulatus. Lastly, in many of our English specimens the reticulation of the 
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surface of the cheeks and lateral lobes of the tail is much more distinct than in 
TuUberg's figure. 

Synonym!/. — Salter's Agnostns prmceps was founded on specimens of three 
distinct species. His figs. 4 and 5 are from specimens of A. bisecttiSj fig. 1 
from A. pisiformis, and fig. 3 from A. mdis. 

In 1868 Belt {loc. cit.) recognised that the differences between A. princeps and 
A. truectus were very small, and that it was often practically impossible to dis- 
tinguish between the two, but he did not actually unite them because Salter was 
about to treat the genus in his ' Monograph.' Unfortunately, Agnosttis is one of 
the genera which Salter did not live to complete. 

Not infrequently in imperfect specimens the threefold longitudinal division of 
the last segment of the axis of the tail is barely visible, while the keel on the 
first two segments is still distinct, and this, perhaps, led Salter to conclude that he 
had two distinct species to deal with. The specimens which are called A. pnnceps 
in collections labelled by Salter are generally A. trisecttiSj occasionally A. pisifoi^nis. 

Types. — A sealing-wax cast of the original of Salter's fig. 11 is in the Geological 
Survey Museum, registered as 8768. The original of his Agnosttis princeps, var. 
omatm, fig. 4, is also in the same museum, registered as 8741. 

Horizon and Localities. — Upper Lingula Flags : Carreg Wen, Berth ; Moel 
Gron; near Craig-y-Dinas, Mawddach; Maentwrog; Yr Orsedd, Blaenau Ffesti- 
niog; Penmorfa; Ogof-ddu, Criccieth; S.B. of Tryweryn; Malvern Hills. 



Section Ljivigati. 
8. Agnostus altus, Gron wall. Plate II, fig. 1. 

1902. Agnostus aUus, Gronwall, Bomholms Paradoxideslag, p. 58, pi. i, figs. 3, 4. 

Head rounded, smooth, uniformly and slightly convex, surrounded by a narrow 
margin. Glabella obsolete, indicated only posteriorly by the basal lobes, which are 
small. 

Thorax : axis faintly trilobed, pleurae short and grooved. 

Tail rounded, with narrow margin, gently convex. Axial furrows faintly 
marked. Axis wide, divided into three segments, which are separated by rather 
faint furrows. The first segment is wide and short ; the second is narrower than 
the rest, hexagonal in shape, slightly raised along the median line into a slight 
keel which projects backwards over the posterior lobe; the posterior lobe is 
elongated and terminates in a rather bhmt point. The lateral lobes are nearly 
uniform in width throughout and are confluent behind the axis. 

Head- and tail-shields about 7 mm. long and wide. 
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The species with which this form is most likely to be confounded is A. harrandei. 
The head of the latter is distinguished by the presence of axial furrows which 
extend half the length of the head, while in A. altns only the basal lobes are 
present and the glabella is otherwise entirely obsolete. In imperfect specimens, 
however, this difference cannot always be discerned, as the axial furrows of 
A. hairamlei may be obscured. 

The axis of the tail in A. barrandei is surrounded by much stronger furrows 
than in A. altns, while on the other hand, the segmentation of the axis is much 
more distinct in A. altns^ although even in this species it is not very strongly 
marked. 

That this form belongs to Tullberg's section Laevigati can hardly be doubted ; 
but it differs from most of the species of that group in having the pygidial axis 
completely defined by the axial furrows. In this respect it agrees with Brogger's 
A. Ixvigatus Y^r.forfex ^ and Matthew's A. Idevigatus var. ynamilla^and var. ciceroides.^ 
From the two former it differs in the complete segmentation of the axis, and from 
the last in its much greater size and in the fact that the second segment of the 
axis is perfectly defined posteriorly. Our specimens agree completely with 
Gron wall's A. altus except that, no doubt owing to compression, they are not so 
convex in shape. All the British specimens that I have seen are distorted by 
pressure. 

Horizon and Localities. — Menevian : Porth-y-rhaw, St. David's ; Waterfall 
Valley, near Maentwrog. 



9. Agnostus barrandei, Salter. Plate II, fig. 2. 

1872. Agnostus barrandei, Salter, Hicks, Quart. Joum. Geol. Soc., vol. xxviii, p. 176, pi. v, figs. 5, 6. 
1902. Agnostus lens, Gronwall, Bomholms Paradoxideslag, p. 65, pi. i, figs. 8, 9. 
1902. Agnostus lens, yajcfrontosa, Gronwall, ibid., p. 66, pi. i, fig. 10. 

Head convex, rounded in outline, smooth or with minute tubercles, surrounded 
by a narrow margin. Glabella marked ofE posteriorly by two longitudinal furrows 
which extend for about half the total length of the head ; but anteriorly there Ls 
no separation between the glabella and the cheeks ; basal lobes small. 

Thorax : axis formed of a central raised portion and two lateral tubercles ; 
pleurae deeply grooved. 

Tail smooth or faintly tuberculate, rounded in outline, very convex, surrounded 
by a narrow margin. Axis separated from the lateral lobes by deep axial furrows, 
somewhat constricted at about a quarter of its length from the anterior margin, 

^ Brogger, Nyt Mag. for Naturv., yoI. xxiv (1879), pi. v, fig. 6 a. 

2 G. F. Matthew, Trans. N. Y. Acad. Sci., vol. xv (1896), pi. xvii, fig. 2. 

» G. F. Matthew, ibid., pi. xvii, fig. 3. 
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again widening out and finally terminating in a blunt point some distance in front 
of the margin ; divided into three segments, but the dividing furrows are faint and 
frequently obsolete ; there is a median tubercle on the middle segment. When 
visible, the anterior segment is veiy short ; the middle segment narrow, hexagonal 
in shape, bearing a median tubercle at its posterior extremity; the posterior 
segment forms more than half the total length of the axis. 

Head- and tail-shields up to 7 or 8 mm. long and wide. 

A(jno.stus hnrramhd is distinguished from A. alius by the presence of axial 
furrows defining the glabella for about half the length of the head, by the much 
deeper axial furrows of the tail, and by the very vague and indistinct nature of the 
segmentation of the tail axis, which is indeed generally obsolete. 

Tiipvs, — The originals of Hicks's figs. 5 and 6 are in the Sedgwick Museum, 
Cambridge. 

Horizon and Localities. — Menevian : Rhaiadr ddu, near Maentwrog ; Cwm 
hesian, Mawddach ; Tyddyngwladys ; Porth-y-rhaw and Penpleidiau, near 
St. David's. 



10. Agnostus rotundus, Gronwall. Plate II, figs. 3, 4. 

1902. A(j7to8tu8 rotundus, Gronwall, Boniliolms Paradoxideslag, p. 78, pi. i, fig. 19. 

Head slightly convex, rounded in outline, with a rather narrow margin. The 
basal lobes are defined, but there is no other trace of the glabella. 

Thorax : axis with a wide central portion and a small lateral nodule on each 
side, w^hich is distinctly separated from the rest of the axis by a furrow which 
runs obliquely forward and inward. The pleuras of the first segment are grooved 
by a furrow near the posterior margin. 

Tail rounded in outline, not very convex. Axis rather wider than the lateral 
lobes, not segmented, wildest near the front, with a small median tubercle at end of 
anterior third, decreasing rapidly and regularly backwards till it terminates in a 
blunt point. Lateral lobes widest in front, narrow slightly posteriorly, and con- 
fluent ])ehind the axis, where they are narrow^est. Axial and marginal fun*ows 
deep ; the axis and lateral lobes are not in themselves gibbous, so that if the 
furrows were filled up the whole tail would be uniformly convex. 

Head- and tail-shields about 3'5 — 4 mm. long and Avide. 

In some collections this species has been called A. scutalvs^ Salter, although it is 
not one of the various forms included l)y Salter under that name. It is easily 
distinguished from A. exaratiis by the absence of the groove behind the axis of the 
tail, and l)y the much shallow^er axial furrows. The axis, moreover, is not con- 
stricted and the lateral lobes narrow posteriorly, while in A. exaratus they expand. 
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Gronwall has described and figured the tail only of this species, but thinks it 
not impossible that some of the heads which he has referred to A. liuulgreni may 
really belong to A. rotundus. According to him the tail of A. Inndgrcni var. nana 
is the nearest to the tail of A, rotundus^ but is nevertheless distinctly different. 
In A. lundgreni var. naimy it may be observed, the axis is distinctly segmented, 
and the lateral lobes are separated by a furrow behind the axis. 

Our own specimens are so imperfect as regards the head that the description 
here given may well be incorrect. It seems, however, that even in perfect 
specimens the glabella cannot be very distinct. 

Hainzon and Locality. — Menevian: Porth-y-rhaw, St. David's. 



11. Agnostus nudos (Beyrich). Plate II, fig. 5. 

1845. Batlus nuduSf BejTicli, XJeber einige bohmische Trilobiten, p. 46, fig. 20. 

1846. Baitus nudus, Barrande, Notice preliminaire, p. 15. 

1847. PhcUacroma nudum, P. emargincdum, P. carinatum, P. acuti/orme, P. gibho9um, Hawle and 
Corda, Prodrom., pp. 43-45, pi. iii, fig. 20. 

1852. Agnostus nudus, Barrande, Systeme silurien, vol. i, p. 903, pi. xlix. 

1879. Agnostus nudus, var. marginata, Brogger, Nyt Mag. for Naturv., vol. xxiv, p. 73, pi. vi, fig. 3. 

1880. Agnostus nudus, var. scanicus, TuUberg, Agnostus-artema, p. 29, pi. ii, fig. 18 a, h, 
1880. Agn^ystus nudus, var. marginatum, TuUberg, ibid., p. 29, pi. ii, fig. 19 a — d. 

1895. Agnostus nudus, Pompeckj, Jahrb. k. k. geol. Eeiclis., vol. xlv, p. 518, pi. xvi, figs. 7 a, h, c, 
8 a, 6. 

Head smooth, forming rather more than half an ellipse, with a very narrow 
margin (invisible in the British specimens, owing no doubt to imperfect preserva- 
tion), and without any trace of axial furrows. 

Tail smooth, forming rather more than half an ellipse, ^vith a broad margin, 
which is widest posteriorly and narrows rapidly towards the sides. The central 
portion, corresponding to the axis and lateral lobes of most Agnosti, is nearly circular 
in outUne, is separated from the margin by a well-defined groove, and bears a small 
median tubercle near its front border. There is no trace of axial furrows. 

Head- and tail-shields about 4*5 mm. long, 4 mm. wide (in a somewhat distorted 
specimen). 

I have seen only one British specimen which can be referred with certainty to 
this species, and it appears to belong to the form which has been distinguished by 
Brogger as A. nud.us var. marginahts. 

A. barlowi and A. eshiggei are the only British species with which it is likely 
to be confounded. In both these forms the base of the glabella is defined by two 
very short axial furrows, and in A. barlowi the axis of the tail is similarly indicated. 
In A. nuduSy on the other hand, there is no trace of differentiation of the axis on 
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either head or tail. A. ei<W\ggei is very similar to some of the young forms of 
A. nmliis described by Barrande. 

Horizon and Loralitf/. — ^Menevian: Dolgelly. A badly-preserved tail which 
looks like A. undus var. scaniciis, TulL, has been foimd in the Stockingford Shales, 
Stockingford cutting, near Nuneaton, and is now in Prof. Lapworth's collection; 
but a somewhat similar tail from the same locality seems to show traces of an axis. 
In view of their imperfect preservation I hesitate to refer them to this species. 



12. AgnostuB eskriggeii Hicks. Plato II, fig. 6. 

1872. Agnostus eskriggei, Hicks, Quart. Joum. G^€ol. Soc., vol. xxviii, p. 175, pi. v, fig. 7. 

Head smooth, very convex, forming a large segment of a circle ; no trace of a 
margin visible. Glabella marked only by two very short axial furrows at its base. 

Thorax : axis rather narrow, with a nodule on each side. 

Tail smooth, very convex, forming a large segment of a circle. There is a 
central portion separated from the rest by a deep furrow, and this is almost 
circular in shape. The portion outside the circular furrow is nearly uniform in 
width throughout. 

Head Iv mm. long, 2"1 mm. wide; tail 1*6 mm. long, 2*5 mm. wide. 

This species, of which only one specimen is known, resembles A. nudtis 
(Beyrich), and is possibly only a young form. In A. midiis, however, it is clear 
that the central portion of the tail corresponds with both the axis and the lateral 
lobes of an ordinary Agnostus^ while in A. eskriggei it seems possible, though not 
probable, that the central portion may represent the axis, and the surrounding 
part the lateral lobes. If this should prove to be the case the resemblance to 
A. nndus must be superficial, and there is no known species with which A. eshiggei 
can be compared. The general appearance of the species is decidedly different 
from that of a full-grown A. nuduSy but is much closer to that of some of the young 
forms figured by Barrande. These, however, do not show the short axial furrows 
at the base of the glabella. 

Type. — Hicks's original is in the Sedgwick Museum, Cambridge. 

Horizon and Locality. — Menevian : Porth-y-rhaw, St. David's. 



13. Agnostus barlowi, Belt. Plate II, fig. 7. 

1868. Agnostus harlotoii, Belt, G^eol. Mag., vol. v, p. 11, pi. ii, figs. 17, 18. 
1880. Agnostus cicer, TuUbeig, Agnostus-artema, p. 26, pi. ii, fig. 16 a, 6. * 



^ This figure, as Tullberg notes, is inverted, and the tail is placed above the head. 
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Head semi-elliptical, convex, smooth, with very narrow margin. Glabella 
obsolete, except posteriorly, where it is barely indicated by a faint line. There 
is a small median tubercle about one third the length of the head from the neck 
furrow. Basal lobes indistinctly indicated. 

Thorax : axis wide, with a wide central portion and small lateral knobs. 

Tail : semi-elliptical, convex, smooth, surrounded by a wide (flat ?) margin, 
which is of equal width throughout. Axis wide, indicated by two short furrows 
in front, but obsolete posteriorly. A prominent median tubercle near anterior 
margin. 

Head- and tail-shields 3*5 — 4 mm. long, 3 — 3*5 mm. wide. 

Perfect specimens are not likely to be mistaken for any other form, but the 
head by itself might possibly be taken for the head of A. altus. The latter, how- 
ever, is much larger, and it is completely surrounded by a narrow margin. In 
A. harlmoi the margin, when preserved, seems to be confined to the posterior 
portion of the head. 

Belt's figure and description leave no doubt that his species is the same as that 
described by Tullberg under the name A. cicei\ Fortunately, also, in the Belt 
collection in the British Museum there is a specimen, probably the original of Belt's 
figure, with the label Agiiostus barhwii. 

Agnostm deer is recorded by Tullberg from the Gonocai'j/phe seqnnlis zone and 
from the Agnostus intei'medins zone, both of which belong to the Faradoxides beds. 
Belt, on the other hand, states that Agnostus barlowii comes from the Tremadoc, 
and is associated with Asaphns hiiwtatns. As the occurrence of the species in the 
Paradoxides beds is indubitable, it seems probable that this is one of the very few 
mistakes in Belt's paper on the Lingula Flags. 

Type. — The specimen registered as 58498 in the British Museum (Natural 
History) is probably the original of Belt's fig. 18. 

Horizon and Locality. — Probably Menevian : Upper Mawddach. 



Section Limbati. 
(a) Regii. 
14. Agnostus cambrensiSy Hicks. Plate II, figs. 8, 9. 

1871. Agnostus camhrensis, Hicks, Quart. Joum. Greol. Soc, vol. xxvii, p. 400, pi. xvi, figs. 11, 12. 
Non 1872. Agnodus camhrensis. Hicks, ibid., vol. xxviii, pi. v, fig. 1. 

Head somewhat quadrate, with a broad margin, which is separated from the 
cheeks by a broad furrow. Glabella bilobed ; the anterior lobe is expanded, nearly 
semicircular in shape, and highly convex ; the posterior lobe is somewhat narrower 

3 
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and nearly cylindrical, and bears a small tubercle at its base; basal lobes not 
seen. CMieeks steeply inclined downwards from the glabella, greatly contracted 
forwards and reduced in front of the glabella to a narrow strip. The marginal 
furrow is narrow posteriorly and widens greatly towards the front. 

Tail sulxiuaxlrate, with a wide margin which is nearly uniform in width. Axis 
forms al)out half the width of the whole tail, is slightly constricted in front of 
the middle, and terminates bluntly in a rounded obtuse angle. It bears a 
prominent median tubercle or elevation and is msirked on each side by throe 
lateral furrows, of which only the first pair meet in the centre. Axial furrows 
(l(»op. liateral lobes greatly narrowed behind the axis, where they are confluent 
with each other. 

Head 2*5 — 4 mm. long, 3'5 — 4*5 mm. wide; tail 3 mm. long, 5 mm. wide. The 
spc^ciinens are somewhat distorted. 

I^his form belongs to Tullberg's series Refjii. The head, indeed, is scarcelj' to 
be distinguished from that of A(jiu)i^tu>< re,v^ liarrande,^ itself, but the axis of the 
tail d()(^s not show the ti>rminal expansion so characteristic of that form. In this 
r(*s])(*et it agrees with A. rrfjitlua^ Matthew,'^ with which indeed it may prove to l>e 
i(l(nitieal. A. rrijlny^^ Sjogren,'* is another closely .allied form, the tail of which, how- 
(»v(>r, is n(^ar(M* to that of .1. n\r than t^o that of either /I. camhrotsis or A. regulvs. 

St/ninn/nti/. — The form here descrilx^d is thfit which was originally figured and 
described l)y llieks under this name. Subsequently, in 1872, he figured another 
form under the same name ; but this is clearly distinct and is identical with 
/I. iiiti'ijrr (IJeyr). 

Tiipvx. — The originals of Hicks's figs. 1 1 and 1 2 are in the Sedgwick Museum, 
('anibridge. 

Uarhnn and Laniliff/. — TTarlech Sei*i(^s : St. David's. 



(It) Fallnres. 
15. Agnostus integer (Beyrich). Plate TT, fig. 10. 

1845. Battuj^ intoger, Bevrich, [J(^l)or oinijjfo brilnnisclio Trilobiton, p. 44, fig. 19. 

184(>. Baffus Inieger, B. orion, B. ajffiitln, B. runri/n\ pars, Barriindo, Notice pn'liininaire, pp. 14 — 18. 

1847. Me>iottphenisrji8 runeifer, T>iph*rrhina ntivndnta, I). fripHcafa, I). ori(m, D. vmhonaia, D. sirins, 

I). dUpfica, I), iupervla, D. selenophora, D. mnnaa, D. affinU, D. rristaUi, Peronnjms iniegra„ Hawle 

and Corda, Prodrom., pp. 4G— 50, 115, pi. iii, figs. 22, 23, pi. vi, fig. G2. 
1852. Agnostus integer, Barraude, Systrmo silurion, vol. i. p. 90^, pi. xlix. 

1 Barraudo, Syst. Silur.. vol. i. p. 908, pi. xlix. 

2 a. F. Matthow, Trans. N. Y. Acad. Scm., vol. xv (1890), p. 213, pi. xvi, fig. 1. 

^ Sjogren, G<m>1. For. Stockli. Forli.. vol. i (1872), p. 7Ci, pi. v, fig. G. Si»o also Linnarsson, ihid., 
vol. iii, pi. XV, figs. 9, 10. 
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1872. Agnostus camhrensis, Hicks, Quart. Journ. Geol. Soc., vol. xxviii, pi. v, fig. 1. (Not Hicks, 

Quai-t. Journ. Geol. Soc., vol. xxvii (1871), p. 400, pi. xvi, figs. 11 aud 12.) 
1895. AgnostuB integer , Pompeckj, Jahrb. k. k. geol. Reichs., vol. xlv, p. 521. 
1895. Ag^nostus integer, var. sjnnosa, Pompeckj, ibid., p. 622, pi. xvi, fig. 6 a, h. 

Head subquadrate, somewhat longer than broad, with a narrow margin. 
Glabella bilobed, anterior lobe small, broad, rounded in front; posterior lobe 
somewhat wider than the anterior lobe, slightly constricted in the middle, with a 
small median tubercle; basal lobes small. Cheeks nearly equal in width throughout, 
confluent in front of the glabella, rugose, marked by irregular furrows. 

Thorax : lateral nodules of axis nearly as large as the central portion. 

Tail (juadrate, with a broad margin which widens greatly posteriorly, and is 
produced into a very short spine at each side. Axis wide, somewhat contracted 
at about one third of its length from the anterior margin ; divided by two furrows 
on each side, which do not quite reach the middle ; with a median keel ; terminates 
in a blunt point which does not quite reach the posterior margin. Lateral lobes 
narrow, reduced behind the axis, where the two lobes unite, to a mere strip. The 
margin is narrow in front, widens posteriorly, and is produced into two very short 
lateral spines. 

Head- and tail-shields about 3 — 1 mm. long and wide. 

A. integer presents some resemblance to A.faUcuVy Linrsn. ; but in A. falhix the 
glabella is smaller and the posterior lobe is little, if at all, wider than the anterior 
lobe; the axis of the tail is shorter and the divisions upon it are less distinct. 
A.fallaxj moreover, appears to be smooth and without the rugosities characteristic 
of A. integer^ and the margin of the head is wider than in the latter species. 

Both Beyrich and Corda represent the tail of this species with lateral spines, 
but Barrande asserts that these do not exist. Pompeckj states that many of the 
specimens are not spined and that the tail is merely sharply angular, but in some 
examples from " Pod hruskou," near Tejrovic, and also in some from Jinec, he 
finds that the angles are produced into short teeth, and to this form he gives the 
name of var. spinosd. Pompockj's figure also agrees with the Welsh specimen in 
the fact that the axis does not cjuite reach the margin of tlie tail. 

St/nont/mi/. — The specimen here described is that which was figured by Hicks 
in 1872 as Agnostus camhreui^u^ but it is quite different from the form which he had 
already described under that name in 1871, and which belongs to the group of 
Agnostm rex. The resemblance to Agnodm integer^ as described and figured by 
Barrande, is complete, except for the fact that the margin of the tail bears short 
spines and that the axis does not quite reach to the posterior margin. In the 
latter respect the specimen agrees with the younger forms figured by Barrande. 

Typcjs. — The original of Hicks's figure of " A. camhremis " in ' Quart. Journ. 
Greol. Soc.,' vol. xxviii, pi. v, fig. 1, is in the Sedgwick Museum. 

Horizon and Locality. — Menevian : Porth-y-rhaw, St. David's. 



20 BRITISH CAMBRIAN TRILOBITES. 



10. Agnostas securiger, sp. nov. Plate II, fig. 11. 

This remarkable form, for the loan of which I am indebted to Prof, Lapworth, 
is closely allied to A. iutatjrr^ and may indeed be no moi-e that a deformed specimen 
of that species. 

It is rather larger than is usual in A. inteijei'y but the head appears to show no 
other difference. 

The most striking peculiarity is that the axis of the tail expands posteriorly 
into a hatchet-shaped termination which occupies the whole of the posterior half 
of the tail, exclusive of the margin. The lateral lo)>es are accordingly restricted 
to a narrow space on each side of the axis in the front portion of the tail only ; and 
eiich lateral lobe is marked by a median longitudinal furrow for about half of its 
length. 

The specimen, however, is not perfect, and it is difficult to be certain that these 
characters are not due to the mode of preservation. 

Head- and tail-shields, 5 mm. long, 5*5 mm. wide. 

llorton (ind //(>(V(/«7//.— (? Menevian) : Chapel End, near Nuneaton, " 40 feet 
below unconformity." (Collected by Mr. Sykes.) 



17. Agnostus fallax, Linnarsson. Plate II, fig. 12. 

18(59. Agnostus fallax, Linuarssou, Om Vestc'rgotlaudtt Oambriska oeh SUuriska aflagringar, Kong. 

Svensk. Vet. Akad. Uaudl., n. b., vol. viii, no. 2, p. 81, pi. ii, tig8. 54, 55. . 
1877. Agnostus fallax, Linnarsson, Geol. For. Stoekli. Forh., vol. iii, p. 371, pi. xv, fig. 7. 
1879. Agnostus fallax, Brogger, Nyt. Mag. for Naturv., vol. xxiv, p. 64, pi. vi, fig. 1. 

1879. Agnostus fallax, Linnarsson, Om faunan i kalken med Conocoryphe exsulans, p. 22, pi. ii, 
fig. 33. 

1880. Agnostus fallax, TuUberg, Om Aguostus-arterna, p. 31, pi. ii, fig. 22 (forma typica), fig. 23 a, h 
(iormnferox). 

1896. Agnostus fallax, G. F. Matthew, Trans. N. Y. Acad. Sci., vol. xv, p. 214. 
1902. Agnostus fallax, Gronwall, Bombolms Paradoxideslag, p. 68. 

Head subquadrate, with a wide margin. Glabella bilobed, anterior lobe broad, 
rounded in front ; posterior lobe nearly parallel-sided, but slightly indented on 
each side in front of the middle, with a small median tubercle; basal lobes large, 
triangular. Axial furrows fairly deep. Cheeks confluent in front of the glabella, 
widening slightly posteriorly. 

Head-shield 4 mm. long and wide. 

The width of the margin, the rounded anterior lobe of the glabella, and the 
large basal lobes are sufficient to distinguish this form from any other British species 
yet known. The head of A. cjcaratusis probably the form which is most likely to be 
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confused with it so far as the head is concerned ; but in this the basal lobes are 
small and the margin is narrow. 

Of this form very few specimens seem to have been found in Great Britain, and 
these are mostly heads. In the absence of tails it is diflGlcult to identify the species 
with certainty; for other forms, such as/i. kjertdji, are barely distinguishable from 
A.fallax except by the characters of their tail. In Brcigger's figure of A. kjcrvlji^ 
however, the marginal fold of the head is narrower than in A. fallax^ and in this 
respect the British specimens which I have seen agree more nearly with the latter. 

Hitrizon and LocalUf/. — Menovian : Porth-y-rhaw, St. David's. 



18. Agnostus rudis, Salter. Plate II, figs. 13 — 16. 

1864. Agnostus princeps, var. rudis (pars), Salter, Brit. Org. Rem., dec. xi, pt. i, p. 4, pi. i, fig. 3 (only). 

Head moderately convex, rounded, with narrow margin which is produced into 
a short sphie at the genal angles. Glabella bilobed ; anterior lobe rather small, 
rounded in front ; posterior lobe nearly parallel-sided ; basal lobes small. Cheeks 
smooth, nearly equal in width throughout, confluent with one another in front of 
the glabella. 

Tail rounded in its general outline, with rather wide margin, which is produced 
posteriorly into two very small spines. Axis long and rather wide, parallel-sided, 
rounded posteriorly; anterior segment represented by two small lobes cut off at 
each anterior corner ; the second segment extends forwards between these two 
lobes and posteriorly bears a prominent tubercle ; the posterior segment forms 
nearly two thirds of the axis, is smooth and rounded posteriorly. Lateral lobes 
very narrow behind axis, where they are confluent with one another. 

Head- and tail-shields, 2 — 3*5 mm. long and broad. 

This form is nearly allied to A. dux and A. sidenhladhi. From the former 
it is at once distinguished by the much greater length of the axis of the tail. 
A. sideMadhi also has a shorter pygidial axis, and the anterior lobe of the glabella 
is larger, but less distinctly defined. 

In some respects A. i^dis resembles A. pisifomnis^ and may indeed be looked 
upon as intermediate between that species and A. dux. But in A. pisifoi'mis the 
cheeks are separated by a groove in front of the glabella, while the front lobe of 
the tail-axis is complete across. In A. pisiformis^ var. ohesusy the first segment of 
the tail-axis is represented by two small lobes at the anterior corners as in A. rudis^ 
but the axis is much more swollen and the glabella is much longer. 

It may be remarked that in front of the glabella, even in the actual specimens 
on which Salter's figure is founded, there is usually no trace of the groove which he 
shows. One specimen, indeed, shows such a groove, but it may possibly be a 
young A. trisectasj as it differs also in other characters. 
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St/nouf/iny. — This is one of the forms which was described and figured by 
Salter as Aijnostus prtna*p.Sj a species which he divided into two varieties, var. 
ovHidm and var. ruAh. The specimens which he ascribed to the former variety 
belong to his species A. trhset'tiis^ while in var. nulls he included distorted specimens 
of J. jnaiformis from the Lower Lingula Flags, and specimens of the present 
species from the Upper Lingula Flags. As A. pUiformis and ^1. tt-isechts are 
already provided for, it might have been possible to restrict the name A. pnnct^ps 
to the form here described. But, unfortunately, by far the greater number of 
specimens which have been identified as J. piinceps by Salter and others, belong 
either to A. pisiformiH or to J. triicctus; and therefore, to avoid confusion, it seems 
better to drop that name altogether and to employ the alternative rudis^ although 
this name is by no means descriptive. 

Ti/2f(\ — The orighuil specimens on which Salter's fig. 3 is founded are in the 
(Geological Survey Museum (registered as nos. 8723 — 8728). It is, however, 
impossible to say exactly which of these specimens was used. The figure appears 
to be composite. 

llorhni and Localities. — Upper Lhigula Flags: Penmorfa; Ogofddu, near 
Criccieth, with A. trisectiis (collected by Mr. W. G. Feamsides). 



11). Agnostus sidenbladhi, Linnarssou. JMate 11, tig. 17. 

18Gy. Atjno»lus sideMadhiy Liuuarssou, Oiu Vesterj^otlauds Camb. ocli Sil. Aflagr., p. 82, pi. ii, 
fi^'8 60,61. 

Head ({uailrate, with a broad margin, which is widest at the anterior angles 
but narrows consideiably towards the genal angles. Glabella about two thirds 
the lengtli of the head and one thii'd the width, nearly parallel-sided, rounded in 
front ; the anterior lobe is very indistinctly marked off from the posterior by a 
very faint furrow ; the posterior lobe forms about two thirds of the whole length ; 
l)asal lobes small. Cheeks nearly e(|ual in width throughout, confluent in front of 
the glabella. 

Thorax : axis wide, lateral nodules small, and not very clearly marked off 
from the central portion ; pleura) grooved. 

Tail (juadrate, with a wide margin, which is produced at the posterior angles 
into a short point. Axis short, with nearly parallel sides, rounded behind ; anterior 
segment reduced to two small lobes at the anterior angles ; middle segment also 
very short, produced forwards between the two lobes which represent the anterior 
segment, bears a median keel or tubercle, which is most prominent at its posterior 
extremity. The third segment forms aljout two thirds of the whole axis. Lateral 
lobes uniform in width throughout, confluent behind the axis. 
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Head- and tail-shields, about 25 mm. long and wide. 

There can, I think, be little doubt that this form belongs to Linnarsson's 
species. The head agrees very closely with Linnarsson's figure. The tail differs 
in the extreme shortness of the first two segments, which is, however, in part due 
to compression. In Linnarsson's figure, moreover, the median tubercle runs 
through the anterior and middle segments of the axis, and is clearly separated 
from botli. In our specimen the keel is distinctly a part of the middle segment, 
and projects forwards between the lobes into which it divides the anterior segment. 
So far, indetKl, as the tail is concerned, Ijinnarsson's figure is much nearer to the 
following species, but the head is very different. From the evidence afforded by 
onr British specimens one would be disposed to infer that the head and tail of 
Linnarsson's figure belong to different species. 

A. siflenhladhi is closely allied to A, rndis and to A. callavel; it is somewhat less 
closely connected with A, dux; and in the structure of its tail-axis it even shows 
affinities with the Tiower Lingula Flag form A. jnsifornns var. ohpsns. From A. vftdls 
it is distinguished by its much shorter tail-axis, and by the extreme faintness of the 
furrow which separates the anterioi* from the posterior lobe of glabella. From 
A, ihix it is separated by the considerably greater length of its glabella and of the 
nxis of the tail. Its closest ally is undoubtedly /I. cnllavn^ F. Raw, which, in spite 
of the difference in size, it resembles very closely in the proportions of its parts. 
If, however, the remarkable diverging furrows in that form, which separate the 
ant^rioi' lobe of the glabella from the posterioi' lobe, are not adventitious markings, 
tigs alone is a sufficient distinguishing feature. In A, calluvei^ moreover, there is 
a strong tubercle or ridge on the posterior lobe of the glabella. This is reduced in 
A. aidenUifdh! to an almost indistinguishable prominence. 

Uovkon and Lncnlify. — Tremadoc : Penmorfa (collected by Mr. W. G. Fearn- 
sides). 



20. Agnostus calvus, sp. nov. Plate If, fig. 18. 

This form is closely allied to the preceding, but occurs at a slightly lower 
horizon. It differs chiefly in the following points. The glabella is somewhat 
narrower and the anterior is distinctly separated from the posterior lobe. The 
axis of the tail is longer, and the first two segments are proportionately much better 
developed ; the anterior and second segments, which are nearly equal in length, 
are both divided into three parts by longitudinal furrow\s, the central portion being 
raised so as t-o form an elongated tubercle, on which the division between the two 
segments is still visible; the posterior segment forms about half of the whole axis. 

Head- and tail-shields, 8 mm. long and ^vide. 
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The tail of this species appears to l>e identical with that figured by Linnarsson 
as the tail of A. siJeuhladhi^ but the head is decidedly different. Mr. W. 6. 
Fearnsides, who found the specimens figured on Plate II as ^4. calmis and A. 
siiJenhhiiVii^ informs me that the former occurs at the base of the AsapheUus flags 
and the latter at the top. In Scandinavia the thickness of the deposits is much 
reduced and the two should occur within a few feet of each other. 

Iforhon auil Loral iff/. — Troniadoc : ha&o of Asaphdhis flags near Nant rhos ddu, 
Aroni*?. 



21. ilgnostus dux, Tallawav. Plate IT, fig. 19. 

1877. AgnosfNs dujr, Callaway, Quart. Joiim. Gei>l. Soo., vol. xxxiii, p. 665, pi. xxiv. fig. 3. 

For the following description and notes on the affinities of this species I am 
indebted to Mr. Frank Raw of the University of Birmingham, who has made a 
spivial study of the Shineton Shale fauna. 

*' Head TOughly circular in outline, somewhat quadrat.e, widest in front of the 
centre, narrowing slightly posteriorly, genal angles obtusely pointed. Marginal 
rim almost flat round the front half of the shield, broadest at the anterior corners, 
('lieeks smooth, convex, nearly uniform in width roimd the front of the axis. 
(Jlabella about half the length of the head and one third its width at the back, 
narrowing in front; rounded in front and behind, convex, bilobed, the anterior 
1o1h» occu[)ying about one third of the length ; basal lolws very small, lateral. ^ 

" Thorax : central <livision of the axis wide, being equal in the anterior segment 
to the articulating knob t^)gether with the pleura on each side; narrower in the 
posterior segnieut; ploiirj\) curved forwards, posterior lateral edges semicircular; 
posterior longer than the anterior pleura?. 

" Tail a (|nadri lateral oval, of the same width as the head, but somewhat shorter, 
lateral margins continued into short spines ; limb large, wider behind, with a fairly 
flat margin and a shallow <lepression running round the limb at one third the width 
from its (Mlge. Axis wider than that of the head but somewhat shorter, rounded 
l)elnud, slightly l)roadening in front; antei'ior segment widening into a lobe on 
each si<le, second segment extending forwards between these but not reaching the 
anterior border, l)ound(Ml behin<l by a faint transverse furrow, and bearing a blunt 
longitudinal tul)er(!le rising in height to the back of the segment; postei'ior segment 
a little more than half the length of the axis. 

"Dimensions of (-allaway's type specimen, the largest seen by the writer: 
Total l(»ngth, 8 mm. ; head, length 3*8 mm., breadth 4*1 mm.; tail, length 3*5 mm., 
l)readth t'l mm. 

" /l///^/?7/Vs\- Brogger * compares -1. (hfx with A. sidrnhlodhiy which occurs 

1 Die Silur. FAn^m 2 iind 3, p. 144. 



AGNOSTUS CALLAVEI. 25 

on a somewhat higher horizon in Sweden. It agrees with this throughout in its 
general character, but is widely different in its proportions. A, dtt.v is broader 
throughout, and the head- and tail-shields are rounded laterally ; its axes, botli of 
head and tail, are much shorter ; its marginal furrow is much shallower and farther 
from the margin ; the furrow across the glabella is nearer the front ; the anterior 
furrow across the tail-axis is arched, not straight ; and the tail-spines arc not 
directed outwards as in A. ndenhlndliL 

" A. dnx closely resembles Angelin's figure of A. leiififonnis^^ Aug., in general 
shape, differing chiefly in its shorter axes and the presence of the glabellar furrow 
and tail-spines. It is also similarly close to his allied form A. ffhthratus^ Ang.,^ and 
still more so to that figured under A. glalmihis var. higiica by F. Schmidt,^ from 
which it differs in that both its head and tail narrow towards the thorax, and both 
are more rounded, while the glabellar furrow is stronger and farther forward. 

" The head of ^. dux agrees exactly with the description of A. havarirn,<, Barr.,*^ 
which comes from the same or nearly the same horizon, with the exception that 
A. dux is much broader in proportion. Its relations with the new species 
A. calhnm^ found associated with it in Shineton Brook, are noticed under that 
form. 

** Type. — The original of Callaway's figure is in the Museum of Birmingham 
University. The external cast of this specimen is in the Sedgwick Museum, 
Cambridge. 

" Horizon and Localities. — Tremadoc : several specimens having been found in 
the Shineton Shales at Shineton by Dr. Callaway and by Mr. R. Rhodes for the 
Geological Survey at 18 — 20 chains S.W. of Shineton Church. It is also recorded 
by Prof. T. Groom from the grey shales of the southern Malverns." 



22. Agnostus caUavei, F. Raw, MS. Plate 11, fig. 20. 

For the following description and notes on this species I am again indebted to 
Mr. Frank Raw. 

" Head roughly circular in outline, but broader than long ; marginal furrow very 
shallow, genal angles rounded. Cheeks smooth, convex, narrower round the front 
of the glabella. Glabella two thirds the length of the head-shield and one third 
the width, well defined by sub-parallel axial furrows, round in front, widening 
behind, with the posterior angles cut off by oblique narrow grooves; bearing an 

^ Pal. Scand., p. 7, pi. vi, fig. 6. Seo also Wiman, Arkiv. f. Zool., vol. ii, no. 11 (1905), pi. i, 
fi^. 21, 22. 

2 Angelin, op. cit., p. 6, pi. vi, fig. 5. Wiman, loc. r//., pi. i, figK. 27, 28. 

» Revision d. Ost-Bjiltisclien Trilol)it<>n, pt. iv. (1894), p. 90, pi. vi, figs. 39-44. S<»e also 
Wiman, loc. cit.y pi. i, figs. 23, 24. 

* Paune silurienne dos environs de Hof, en Bavi(*re, p. 82, fig. 4(3. 

4 ^ 
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elongated tubercle, which extends a quarter of the length of the glabella, and is 
equidistant from its two ends ; from the sides of this tubercle in front two narrow 
grooves^ curve forwards and outwards, approximately at right angles to one 
another, as far as the axial furrows. 

" Thorax rather deep ; central division of the axis, in the posterior segment, 
equal in width to the articulating bosses on either side, larger in the anterior 
segment ; pleurae curved forwards, post<^rior edges semicircular, posterior longer 
than the anterior pleurae. 

" Tail a little shorter than the head, which it closely resembles except in the 
possession of spines and the different furrows on the axis ; lateral margins in some 
specimens curved, in others straight, passing back into spines which curve inwards ; 
posterior margin well rounded ; limb a little narrower than the axis, and 
a little narrower behind than at the sides. Axis more than two thirds the length 
of the shield, rounded behind, slightly narrowed in front of the centre, broadening 
in front ; anterior segment represented by two lobes at the anterior corners ; 
second segment extending forwards between these, almost to the anterior margin, 
at the sides somewhat longer than the anterior segment, bearing a median 
longitudinal tubercle which is highest near the back of the segment, whence it 
extends forwards over the segment and backwards into the posterior segment, dying 
down in each direction ; posterior segment occupying three fifths the length of 
the axis. 

" Dimensions of complete specimen collected by Mr. R. Rhodes for the 
Geological Survey: Total length, 13'3 mm.; head, length 5*6 mm., breadth (rS 
mm. ; tail, length 52 mm., breadth 6*2 mm. 

^^ Affinities. — A. callavei and A. dux^ associated on the same horizon, closely 
resemble one another in general shape and relief, the flatness of the margins of the 
head- and tail-shields, and the details of the thoraces. They differ greatly in 
the length and shape of their glabella and tail-axis and in the furrows over 
their glabella, in the form of which A, callavei is perhaps unique. Their 
great differences are remarkable in being coml^ined with such close similarities. 
The suggestion presents itself that they may possibly be male and female 
of the same species, but the differences are perhaps too great for this to be 
entertained. Nevertheless, the resemblances are such that both can best be com- 
})ared with the same forms, viz., with .1. fjlahratni< and .1. leniiformis, Angelin, and 
A, sidenhladh!^ Linnrsn. A, callavei also shows a close resemblance to A. rir var. 
concinnvsy Matthew, from the ]\frado.ridr.<^ shales of the St. John Group, Newfound- 
land, which latter differs chiefly in the greater length of the tail-axis as well a.s in 
the glal)ella furrow. 

^ I cauiiot avoid a suspicion that tliose grooves may l)o adventitious. They arc approximately in 
line with cracks upon the dieeks, and may jiossibly liavo l>cen produced h\ pressure upon tlie tulH?rcle. 
Nm'ci-theh^ss, tliev seem like actual furrows an«l not cracks. — P.L, 
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^^ Horizon and Locality. — Tremadoc: collected by Mr. R. Rhodes for the Geological 
Survey from the Shineton Shales of Shropshire, in Shineton Brook at 18 — 20 chains 
S.W. of Shineton Church and also in the stream, Mary's dingle, 1 1 chains W.S.W. 
of Morell's Wood." 



23. Agnostus cyclopyge, Tullberg. Plate IT, figs. 21, 22. 

1868. Agnostvs ohtusiis (pars), Belt, Qeol. Mag., vol. v, p. 10, pi. ii, figs. 15, 16 (tails only). 
1880. Agnostus cyclopyge, Tullberg, Agnostus-arterna, p. 26, pi. ii, fig. 15 a, c. 

Head rounded, with a fairly wide margin. Glabella bilobed, but the furrow 
separating the two lobes very faint ; the anterior lobe rounded in front ; the 
posterior lobe slightly constricted towards the middle, the anterior corners swollen 
into small nodules, and a median tubercle also present ; basal lobes fairly large. 
Cheeks nearly uniform in width throughout, separated in front of the glabella by 
a deep groove. 

Tail somewhat quadrate, surrounded by a wide margin, which is produced into 
short lateral spines at the posterior angles. The axis, so far as it is distinct from 
the rest of the tail, is very short, about one third the total length, pentagonal in 
shape, bounded laterally by two nearly parallel furrows and posteriorly by two 
furrows which meet at a very obtuse angle and are produced somewhat beyond the 
lateral furrows before they die out; at the angle where these furrows meet there is 
a small tubercle or keel. The rest of the tail is uniformly smooth and but little 
convex. 

Head- and tail-shields about 3 mm. long and 3 — 3*5 mm. wide. 

There is no species with which this form is likely to be confounded. The 
characters of the tail are quite unique, and the glabella is unlike that of any other 
British species. 

Belt's figure of A. obtnsus is very imperfect, but the specimen with his label 
in his collection (now in the British Museum) shows that the tail is identical with 
that of A, cyc1op!/(je. On the same slab occur heads which are decidedly different 
from the head of A. c!/cloj)i/ge as figured by Tullberg, and it is apparently from 
these that Belt has drawn his description of the head of A. obtnsus. He even 
figures a complete specimen with the head and thorax attached to the tail, but 
unfortunately this specimen is not now to be found. In the Oxford Museum, how- 
ever, there is a complete specimen from the Black Shales of Malvern ; and though 
the head is not in a very good state of preservation, it is sufficient to show that it 
agrees with Tullberg's description and not with Belt's. It appears best, therefore, 
to restrict Belt's name A. ohtimis to the heads which he described. It must, how- 
ever, be admitted that the specimen in the Belt collection would lead one to infer 
that the heads and tails belong to the same species. 
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Tiipc. — Specimen 58494 in the British Museum (Natural Flistory) l^elonging to 
the Belt collection, probal)ly includes some of Belt's original types. 

Horizon ami Locdlifirs. — Upper Tiingula Flags: White-leaved Oak, Malvern; 
Dolgelly. 



2k Agnostus obtusus, lielt. Plate H, fig. 2:^. 

lHr>8. Atfnottfita ohtHUHH, BiAi, G(h)1. Ma^., vol. v, p. 10, pi. ii, figs. 15, 16 (heads only). 

Head ([uadrate, with a wide margin. Glabella bilobed ; the anterior lobe 
(|uadrate and but faintly separat<>d from the posterior lobe ; posterior lobe nearly 
parallel-sided, with a prominent central tubercle near its front margin ; basal lobes 
large and triangular, meeting behind the ])osterior lobe. Cheeks nearly uniform 
in width throughout, confluent in front of the glabella. 

Head about o mm. long and ^5 — o*5 mm. wide. 

Under the description of .1. ('iidojniiir I have given reasons for referring to 
that species the tail which Belt ascribed to this head. If this view be correct, the 
tail of .1. ohlttsus is still unknown. The species, however, probably belongs to the 
section Limbati. 

Tj/in'. — Probably specimen 581^04 in the British Museum (Natural History). 

Uorixon ami fjoralitj/. — Upper Uingula Flags: Dolgelly. 



Sm-tion Pakvifkontes. 
25. Agnostus truncatus, BWigger. Plate It, fig. 24. 

1875. A(/nosfvg, n. sp., Broj:^^r, Geol. For. Stockh. Forli., vol. ii, pi. xxv, fig. 1. 

1870. AfjnoKtvn fntnraffti*, Brog^or, Nyt- Mai^. for Naturv., vol. xxiv, p. 72, pi. vi, fig. 8. 

181MI. A(/)itnifttit jmrrifroun, var. fnninitva, G. F. Mattlu^w/rraiis. N. Y. Acad. Sci., vol. xv, p. 222. 

Head rounded in outline, gently convex, with narrow margin. Glabella, which 
seems to represent only the posterior and basal lobes, short, barely half the total 
length of the head, bounded by nearly i)arallel lateral furrows, and by a straight 
transverse furrow in front; basal lobes small. 

I^horax : axis with a lateral nodule on each side ; pleura? grooved. 

1'ail semi-elliptical, with nari'ow margin. Axis fairly wide, somewhat con- 
stricted about one fpiarter of its length from the front; anterior segment com- 
pletely defined l)y a shallow furrow and very shoi't ; second and third segments 
not distinctly sej)arate(l, witli an elongatcMl tubercle extending through what appears 



PLATE I. 

Fio. Pagb. 

AgnOStUS fissilS, Limdgren. 3 

1. Ouiiipk'te ind iv id ual, somewhat coiupresi^Hl latorally. Meuevian; Nine Wells, St. David*8. 

Sedgwick Mu8<.'uni, Cainbridj^e. 

2, 3. Heads. Meuevian ; uear Niue Weils, St. David's. Sedgwick Museum, Cambridge. 

Ag^OStUS punctuOBIlS, Angelin. 4 

4. A somewhat flattened specimen. Meneviau ; Porth-y-rhaw, St. David's. Sedfjpnrick Museum, 

Cambridge. (Figured by Hicks as Aytiostus scarahi^oides^ Quart. Jouru. Qeol. Soc., 
vol. xxviii, pi. V, fig. 8.) 

5. Tail of a young individual. Meuevian; Portli-y-rhaw, St. David's. Sedgwick Museum, 

Cambridge. (Figured by Hicks as Atjnostus ncidalU, Quart. Jouru. Gkol. Soc., vol. 
xxviii, pi. V, fig. i).) 
(>. Tail of a still younger individual. Meneviau; Porth-y-rhaw, St. David's. Sedgwick 
Museum, Cambridge. (Figured by Hicks as Atjnontus sctUalU, Quart. Joum. Qeol. 
Soc., vol. xxviii, pi. v, fig. 10.) 

Agnostus davidis, Salur. 6 

7. One of Hieks's types. Meneviau ; Porth-y-rhaw, St. David's. Sedgwick Museum, Cam- 

bridge. (Figured by Hicks, Quart. Jouru. Geol. Soc, vol. xxviii, pi. v, fig. 2.) 

Agnostus exaratusy GrOnwall. 6 

8. Complete 8|>ecimen, much compressed laterally. Meneviau; Porth-y-rhaw, St. David's. 

Sedgwick Museum, Cambridge. (Figured by Hicks as Atjiwdus scutcUis, Quart. Joum. 
Geol. Soc , vol. xxviii, pi. v, fig. 12.) 

9. A moi-e incomplete but much better preserved sjiecimen. Meneviau ; St. David's. Sedgwick 

Museum, Cambridge. 

10. Tail and thorax. Meneviau ; uear Nine Wells, St. David's. Sedgwick Museum, Cambridge. 

Agnostus reticulatuSy Augeliu. 8 

11. Complete 8[xjcimen. Lower Maeutwrog beds; Dolgelly. British Museum, no. I. 7343. 

Agnostus pisiformis, Linns^us. 9 

12. Cc»py, enlarged to Hwii diameters, of TuUberg's figure, Om AynositiS'axtonm, pi. ii, fig. 14a, b, 

Agnostus pisiformis, var. obesus, Belt. 9 

IS. Form with comparatively narrow pygidial axis. Liugula Flags ; Trefgarn Bridge, Haver- 
fordwest. Collected by Mr. V. M. TurnbuU. Scnlgwick Museum, Cambridge. 

14. Form with pygidial axis much swollen ; the head is very imperfectly preserved and con- 

sequently does uot show the groove in front of the glabella. Liugula Flags ; Trefgarn 
Bridge, Haverfordwest. Collected by Mr. V. M. Turubull. Sedgwick Museum, 
Cambridge. 

Agnostus trisectus, Salter. 10 

15. A large specimen, with the details of the surface well preserved. Upper Lingula Flags ; 

Ogof ddu, Criccieth. Collected by Mr. W. G. Feamsides. Sedgwick Museum, Cam- 
bridge. 

16. A somewhat flattened head. Upi)er Liugula Flags ; Moel Grrou. Sedgwick Museum, Cam- 

bridge. 

All the figures are five times the natural size. 
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PLATE II. 
Fio. Paok. 

AgnOStuS altus, arOuwall. 12 

1. A much distorted and somewhat flattened speciiueu. Meueviau ; Waterfall Valley, 

Maeutwrog. Sedgwick Museum, Cambridge. 

Agnostus barrandei, Salter. 13 

2. Oue of Hicks's fi.t,nnvd types. Mem?viau ; Peii-pleidiau, St. David's. Stxlgwick Museum, 

Cambridge. (Figured by Hicks, Quart. Journ. Geol. Soc., vol. xxviii, pi. v, fig. 5.) 

Agnostus rotundus, Grouwall. 14 

3. 4. Nearly completes but very much distort^jd specimens. Meueviau ; St. David's. Museum of 

Practical Geology, nos. 8744 (fig. 3) and 8749 (fig. 4). 

Agnostus nudus (Bey rich). 15 

5. A poorly presei ved si>ecimen ; the thoracic segments cannot be dislinguislMHl owing to the 

stiite of preservation. Menevian ; Dolgelly. British Museum, No. 58482. 

Agnostus eskriggei, Hicks. 16 

6. The only specimen known. Menevian ; Porth-y-rhaw, St. David's. Sedgwick Museum, 

Cambridge. (Figured by Hicks, Quart. Journ. Geol. Soc., vol. xxviii, pi. v, ^g. 7.) 

Agnostus barlowi, Belt. 16 

7. The most nearly perfect s]>ecimen in the Belt Collection. SUiU'd by Belt to be from the Lower 

Tremadoc, Dolgelly ; but the horizon probably wrong. British Museum, no. 58498. 
(Probably the original of one of Belt's figures in Q^ol. Mag., vol. v, pi. ii, figs. 17, 18.) 

Agnostus cambrensis, Hicks. 17 

8. Head. Harlech Series ; St. David's. Sedgwick Museum, Cambridge. 

9. Tail. Harlech Series ; St. David's. Sedgwick Museum, Cambridge. 

Agnostus integer (Beyrich). 18 

10. A somewhat distorted s{)ecimen. Menevian; Porth-y • rhaw, St. David's. Sedgwick Museum, 

Cambridge. (Figured by Hicks as Agtiostus cambrensis j Quart. Journ. Geol. Soc., vol. 
xxviii, pi. V, fig. 1.) 

Agnostus seeuriger, sp. nov. 20 

11. A complete individual. Cambrian ; Chapel End, near Nuneaton. Collected by Mr. Sykes. 

Agnostus fallaz, Linuarsson. 20 I 

12. Head. Menevian; Porth-y-rhaw, St. David's. Sedgwick Museum, Cambridge. 



PLATE U— continued. 
Fio. Paok. 

Ag^OStus radiSy Salter |>ar8. 21 

13, 14. Heads. UpiKjr Liu^ula Flags ; Peumorfa Church. Museum of Practical Geology, 
iios. 8728 (fig. 13) and 8725 (tig. 14). 

15. Tail. U[)i»er Liugula Flags ; Peiimorfa Chuivh. Museum of Pi-actk-al Geology, no. 8723. 

16. Tail. Upper Lingula Fhigs ; Ogof ddu, Criccieth. Collected by Mr. W. G. Fearusides. 

Sedgwick Museum, Cambridge. 

Agnostus sidenbladhi, Liuuarsson. 22 

17. Complete individual. Tremadoc Beds ; Peumorfa. Collected by Mr. W. G. Fearusides. 

Sedgwick Museum, Cambridge. 

Agnostus calvus, sp. uov. 23 

18. A complete iudividual. Tremadoc Beds ; Naut rlios ddu, Areuig. Collected by Mr. W. G. 

Fearusides. Sedgwick Museum, Cambridge. 

Agnostus dux, Callaway. 24 

19. The lai-gest 8|K.H;imeii kuowu. Shiuetoii Shales ; Sliinetou. Birmingham Uuiver^ity Museum. 

(Figured by Callaway, Quart. Journ. Geol. Soc., vol. xxxiii, pi. xxiv, tig. 3.) 

Agnostus callavei, F. Raw. 25 

20. A large individual. Shineton Shales ; Shinetou. Collected by Mr. Rhodes for the Geological 

Survey. 

Agnostus Cyclopyge, Tullberg. 27 

21. A complete but poorly preserved specimen ; the actual 8ixH:imen is an impression only, and 

the drawing is made from a wax cast. Upper Lingula Flags ; White-leaved Oak, 
Malvern. Oxford University Museum. 

22. Tail. UpiHir Dolgelly Beds; Bulgelly. British Museum, no. 58494. (BoWs figui-es of 

Aijn^tstus uhtuausj (Jeol. Mag., vol. v, pi. ii, figs. 15, 16, are probably taken from the 
specimens on this slab.) 

Agnostus obtusus, Belt. 28 

23. Hea.l. Ui>i>er Dolgelly Beds ; Dolgelly. British Museum, no. 58494. (Belt Collection. On 

the same slab as fig. 22.) 

Agnostus truncatUS, Brogger. 28 

24. Complete but distorted s[)ecimen. Meuevian ; Solva. Collected by Mr. C. H. O. Curtis. 

Sedgwick Museum, Cambridge. 

All the figures are five times the natural size. 
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HISTORY OF RESEARCH. Ixxiii 

which possessed considerable flexibility, consists of two layers : (1) an innei' layer 
of considerable thickness, generally marked by transverse lines which meet on the 
upper and lower surfaces of the cells so as to form a zigzag line, but in a few cases 
quite smooth (as in M. Sedgwickiij M. convolutusy etc.) ; and (2) an upper layer 
consisting of two thin lamellae, so thin that the ornamentation of the inner layer 
is seen through. This outer layer is rarely preserved. The same two layers 
occur in BetloliteSy but the double character of the upper layer is not yet 
determined. 

In this paper also Richter was the first definitely to describe and figure as an 
independent structure in the genus Moiiograptus the initial Graptolite body now 
known as the " sicula." He calls it the foot or haft-organ. The shape of this " foot " 
— pointed, cone-like, rounded at the lower end — ^is admirably given in his figure 
of M. priodoriy and he recognises the fact that the canal arises from this " foot." 
Richter also observes that the presence of the " foot " at the base of single- 
branched forms shows clearly that they are independent forms, and not merely 
branches of forms belonging to compound genera. 

Richter considers that the axis of Graptolites is solid and of a fibrous 
structure, lies in a groove of the inner skeletal layer, is covered by the outer 
double one, and consists of as many parts as there are rows of cells. Even 
when the groove is sinuous, as in D. teretiusculuSy the axis is quite straight. In 
Diplograptus he holds that there is only one canal and one axis, and he does 
not agree with Hall that in Phyllograptus there are four of each. The peculiar 
structure of the cells in D. teretiusculuSy as interpreted by him, is described in 
detail, and illustrated by figures. Examples of the varieties of apertural ornamen- 
tations are given, especially in the case of Bastrites. These, he considers, are 
formed of the double upper layer. He believes that in Bastrites the apertures of 
the cells, which scarcely project beyond the common canal, are situated in the axil 
of the spine, the " cells " of previous authors being merely ornamental processes. 

As regards the development of the Graptolites, he observes that nothing 
like the reproductive capsules described by Nicholson and Hall has been found 
in Germany; but he notices the occurrence of isolated "feet" with long, 
lash-like threads at their pointed ends. In Monograptus the first cell arises on the 
ventral side of the " foot " ; in Diplograptus a cell arises from each side of the 
broader end of the " foot," but at different levels. He has noticed, in association 
with Graptolites, great numbers of spherical bodies, apparently surrounded by a 
double membrane, but he does not offer any suggeston as to the nature of these 
bodies, or the cause of this association. 

His views of the mode of life of the Graptolites are remarkable. He thinks 
that the "foot" was movable, and could be turned upwards or downwards. When 
turned downwards it could be used to support the polypary vertically, by sticking 
into the mud. Some species, perhaps, could move freely from place to place, which 

I 
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would account for the fact that the full-grown forms do not occur in such groups 
as do the small individuals, but are scattered among other species. 

The affinities of the Graptolites with the Pennatulidae, Sertularidae and Polyzoa 
are discussed, and Richter concludes that they are most closely allied to the last 
named. He adduces the rod of Rhabdopleura in support of his views, and compares 
the thin laminaB of the Graptolites to those of the cells and endocysts of a Polyzoon. 

Other points are touched upon and discussed by Richter, such as the food 
of the Graptolites, their length of life, existence of enemies, etc., but nothing new 
in these directions is added to the views expressed by him in previous papers. 

In 1871, also, Linnarsson described and figured a few 
fragments of a new species — (1) Dichograptus tenellus {Cloiw- 
(jraplm), from the upper part of the Olenus shales in 
Westrogothia. This was the first instance of the occurrence 
of true Graptolites (excluding Bictyonemn) in beds then 
regarded as being of true Cambrian (Primordial) age. 



1871. 

Linnarstfont 

" Om nogra Forsten- 

ingar frftu Sveriges och 

NorgesPrimordialzone," 

* Kongl. Vet. Akad. 

Forh.,* no. 6. 



1871. 

Lapwarth, C, 

"On the Silurian Rocks 

of the Counties of 

Roxburgh and Selkirk," 

*Brit. Assoc. Reports,* 

and 'Q^ol. Mag.,' vol. 

viii. 



In a paper read at the Edinburgh Meeting of the British 
Association and afterwards published in the * Geological 
Magazine/ Lapworth and Wilson separated the Silurian strata 
of Roxburgh into five groups : the Hawick Rocks, the Selkirk 
Rocks, the Moffat Series, the Gala Group, and the Riccarton 
Beds, the last three of which are characterised by special 
graptolitic faunas. The rich graptolitic black shales of the 
Uplands are all referred to a single Moffat band which occurs not only in the country 
between Selkirk and Melrose, but re-appears in the Moorfoot Hills to the north. 

2^72 ^^ ^^^^ following year, 1872, three papers were published 

Hophinson, ^Y Hopkinson. 

" On Callograptus In the earliest of these he described a new species of 

radicans. a new CaUograj)tii^ {G. radicans) from the Arenig rocks of the St. 

^""^rMa^'^^^^^ ^''^'^''' district. He gives a full diagnosis of the genus. 

He discusses the affinities of the Dendroidea and considers 
that while Dendrof/raptus and Ptilograptus fall naturally into already accepted 
families of the Thecaphora (or Sertularina), Callograptus and Dictyonema (the latter 
being more Polyzoan than Hydrozoan in its affinities) should form a new family. 
1872. 

Hopkinson, ^ j^ Hopkinson's second paper he gives a list of graptolites 

T. 1 , ,"^^^^ ^ from the Arenig rocks of St. David's. This list is preliminarv 
a Eemarkable Group i r j 

of Gmptolites in the *^ *^"^ paper by himself and Lapworth, which appeared three 

Arenig Rocks of St. years later, when the various species were described and 

David's, South Wales," figured. 
* G^ol. Mag.,' vol. ix. 



HISTORYj^OF RESEARCH. 



Ixxv 



1872. 
Hopkinsan, 
** On some Species of 
Grraptolites from the 
South of Scotland," 
* Q«ol. Mag./ vol. ix. 



Hopkinson's third paper contained a description of several 
new species from the South of Scotland. 

The first two, according to him, do not belong to the 
Graptolitidae proper, but are nearly allied forms. Order, 
Hydroida, Sub-order, Athecata ? Family, Corynidae. — (1) 
Cmijnoides gracilis, (2) Dendrograptus ramulus. Sub-order, 
Rhabdophora, Fam. Monoprionida3, (3) Gr. attenuatus, (4) Gr. acutiis, (5) Diplogr. 
Etheridgii, (G) D. penna, (7) D. pinguis, (8) D. fimbriatus, (9) D. Hincksi, 
(10) Dicranog. rectus. 

Hopkinson, in discussing the age of the Moffat shales, acknowledges it as 
probable that but one band of black graptolitic shale runs through the Llandeilo 
rocks of the South of Scotland, there being in this band " several distinct zones, 
each marked by a different assemblage of fossils, but with many species in 



common. 



1872. 

Nicholson, 

** On the Migrations of 

the Graptolites," 

* Quart. Joum. Geol. 

Soc./ vol. xxviii. 



A paper by Nicholson in this year " On the Migrations of 
the Grraptolites " is mentioned here because of its historical 
value. His conclusions may be thus summarised : — The 
Skiddaw fauna was the oldest in Britain and migrated into 
Wales, Ireland, and America, four species only migrating 
northward into the Moffat area. The South of Scotland 
became a second centre of dispersion at the end of the Upper Llandeilo period, 
one migration proceeding southwards into the Lake district, founding the fauna of 
the Coniston group, and another going westward through Ireland to America and 
originating the fauna of the Hudson River group and that of the Utica Slates, 
while a third travelled in a south-east direction into the Silurian seas of Saxony 
and Bohemia. 

In a short note published in the * Geological Magazine,' 
towards the end of 1872, Lap worth summarised his views on 
the age and stratigraphical relations of the Moffat Shales, as 
partly given in a paper read by him at the beginning of the 
year before the Geological Society of Glasgow (subsequently 
published, with additions, in the * Transactions ' of that 
Society, vol. iv, p. 164). He points out that there are three 
main divisions, " lithologically and palaeontologically separ- 
able "; which " naturally subdivide into several distinct zones, 
each characterised either by the exclusive possession of some well-marked species, 
or by the constant possession of some peculiar group of species." 

jg72 During the same year Nicholson published the first part 

Nicholson, (the " General Introduction ") of his ' Monograph of British 

' A Monograph of the Graptolitidae,' a work unfortunately never completed. It is 

British GraptolitidsB.' ^f especial historical interest, as giving a complete summary 



1872. 

Lapworth, 

" Note on the Eesults 

of some Eecent 
Researches among the 

Graptolitic Black 

Shales of the South of 

Scotland," *Geol. Mag./ 

vol. ix. 
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of the views then lield by himself and others as to the nature, structure, repro- 
duction, classification, etc., of the Gi-aptolites. The Introduction is divided into 
nine chapters. 

Chapter 1. — Historical Notices^ summarising the progress of research among the 
Graptolites from the time of Linnaeus to 1872. 

Chapter 2. — Forw. and Mode of Preservation of Graptolites. — In discussing the 
mode of nomenclature to be employed in describing a graptolite, Nicholson here 
first suggests the title of " polypary " for the whole of the graptolite skeleton. 
He adheres to the old term " calycles," or " cellules," declining to adopt the teim 
" hydrothecae." 

The various states of preservation in which Graptolites occur are described. 
The carbonaceous material of the rock in which they are generally preserved is 
considered to be of " animal origin," and can " hardly be ascribed to anything else 
except the Graptolites themselves." 

Chapter 3. — General Morphology of Graptolites. — In this chapter Nicholson 
describes in considerable detail the structure of a typical Monoprionidian and 
a Diprionidian form, and the various aspects — " profile," " axial," and " scalariform " 
— under which they may be seen. 

Chaiter 4. — Special Morphology of Graptolites. — (1) Solid Axis. The hollow 
character of this structure previously suggested by him is again asserted, and 
this time with more certainty. The curious tube-like rod in the Rhabdopleura 
he considers " lends great support to this view." This also explains the apparent 
ability of the axis to grow independently of the rest of the polypary, and to 
prolong itself distally as in species of JDiplograpsus. The distal extension of 
the axis is very rare in Monograpsus^ and never exists in Didyinograpsus, Ga^no- 
grapsiis^ etc. He considers that the axis is never present in the shape of a " thin, 
flat, apparently double plate" as believed by Barrande (*Grapt. de Bohfime,* p. 4), 
and Hall (' Grapt. Quebec Group,' p. 22). 

The character and position of the axis in Phyllograpsus^ Retiolites, and Tingono- 
grapsus are discussed ; the fact that the axis is iitside and not outside the polypary 
in the two latter genera is insisted upon, while the absence of any axis whatever 
in the Dendroidea is remarked. 

(2) Surface Marl'iugs and Ornam/'nt^tion of the Polypary. — The striae observed 
running parallel with the aperture of the cells are for the first time described as 
" growth lines," and good figures are given of the " pustules " visible at the base 
of the cell walls, especially in M. vomer inns. 

Chapter 5. — Nature and Function of the Base in the Graptolites. — (1) Radicle. 
The form of the so-called *' radicle" or "initial point" as then accepted is more 
clearly represented in this work than in previous papers, and it is distinguished 
from the " radicle " as referred to by Hall, by w^hicli he meant merely the com- 
mencement of the solid axis. Nicholson, however, did not realise the invariable 
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presence of the initial cone-shaped body (the sicula) in all Graptolites, and he uses 
the term " radicle " to " signify the basal median process," " whether this consists 
of the solid axis alone, or of the solid axis along with the common body, or 
simply of the investing envelope of the latter." 

(2) Ftmicle and (3) Central Disc. — Both these structures are described prac- 
tically from Hall's point of view, and the former opinions held by Nicholson as to 
the " float "-like character of the latter are adhered to. 

Chapi'eb 6. — Reproduction and Development. — The various "ovarian vesicles" 
previously described by himself are re-described, and he changes his previous title 
of "Grrapto-gonophores" to the more precise hydroidal title of " gonothecae." 
The peculiar sac-like bodies figured by Hall (1865) and Hopkinson (1871) in 
specimens of D. Whitfieldii and D. pi^tis are considered by Nicholson to be also 
reproductive in function. 

Chapter 7. — Zoological Position of the Graptolites. — (1) Mode of Existence. 
The free-floating habit of the true Graptolite is strongly emphasised, and con- 
sequently the systematic separation of the fixed Dendroidea from the true 
Graptolites is considered inevitable. 

(2) Systematic Position and Affinities. — These questions are entered into very 
fully, and the various points of resemblance and difference between the Graptolites 
and (1) the Actinozoa, (2) the Polyzoa, and (3) the Hydrozoa are discussed in much 
detail. The general conclusion reached is, that they " find their nearest living 
allies in the Sertularians," and are " truly referable to the Hydrozoa," though they 
" cannot be placed in any living group of the Hydrozoa." 

Chapter 8. — Geological Distribution. — The author's general views of the range 
and distribution of the Graptolites differ in no essential particulars from those 
expressed in previous papers, and need not here be referred to. 

Chapter 9. — Genera. — The final chapter is devoted to a classification of 
the Graptolites, and to a description of the various genera, which are thus 
arranged : 

Class, Hydrozoa, Sub-class Graptolitidae. 

Section A. — Monoprionidae, Hopk. : (1) Graptolites or Graptolithus ; (2) Didi/WA)- 
grn psics {inchiding Dicellograpsus) ; (3) Tetragrapsus ; (4) Dichograpsus ; (5) Logano- 
grapsus ; (6) Pleurograpsus ; (7) Ga^nograpsus, Hall (= HelicograpsuSy Nich.) ; (8) 
Cyrtograpsns ; (9) Bastrites. 

Sections. — Diprionidae: (10) Diplograpsus; (11) Glbnacograi^sus ; (12) Dicrano- 
grapsus; (13) Retiolites; (14) Trigonograpsus ; (15) Betiograpsus. 

Section C. — Tetraprionidae : (16) Phyllograpsus. 

Section D. — Dendroidea: (17) Ptilograpsus ; (18) Dendrograpsus ; (19) Callo- 
grapsus ; (20) Dictyonema. 

Section E. — Incertae Sedis: (21) Thamnograpsus : (22) Buthograpsus ; (23) 
Inocaulis; (24) Co7i/noides. 




Ixxviii BRITISH GRAPTOLITES. 

jg72 The year 1872 was also marked by the appearance of 

Allman, AUman's classical monographi on the * Gymnoblastic or 

•A Monograph of Tiibularian Hydroids,' in which a considerable section is 

the aymnoblastic devoted to the discussion of the affinities of the Graptolites. 

or Tubularian Accepting without criticism the views already current among 

palaBontologists as to the structure of these fossils, AUman 
draws from them some highly original and suggestive conclusions as to the 
homologies of the various organs. He considers that it is doubtful whether such 
anomalous forms as lletiolites and PhyUograptus should be included among the 
Graptolitidge, while forms like ConpwideSy DendrogniptuSj and especially DictyoneinQj 
are " almost certainly not Graptolites." 

Acknowledging that the resemblance of the polypary in the Graptolites 
to the trophosome of a calyptoblastic Hydroid — Sertularian or Plumularian — is 
" sufficiently obvious," Allman considers that while their affinities with the Hydroida 
" are too decided to justify their omission from any complete exposition of the 
palaBontological history of this group of the animal kingdom," yet their peculiar 
characters " necessitate the establishment for them of a separate sub-order of 
Hydroida." For this he proposes the name Shabdophora (Rhabdos = rod), from the 
presence of the characteristic solid axis or virgula. The Polyzoan affinities of 
the Graptolites are very briefly discussed, but he admits that " were it not for the 
discovery of the graptolite gonosome, we should have nearly as much to say for 
this view as for that which would refer them to the Hydroida." 

Allman discusses at considerable length the homologies of the most charac- 
teristic structui-e of the Graptolite, viz. the virgula or axis, "the presence of which 
can hardly be regarded as offering an insurmountable obstacle to the admission of 
the Graptolites into immediate relation with the Hydroida." He regards it, like 
the perisarc, as " an excretion from the coenosarc." The distal and probably the 
proximal prolongation of a naked axis beyond the celluliferous part of the poly- 
pary he considers to be probably only an apparent phenomenon. He says that 
there is " reason to believe that the ccenosarc invested by a proper perisarc was 
originally continued " along the rod, but this perisarc on account of its delicacy 
has not been preserved. 

JJruticles, — Perhaps the most original part of this work is that in which 
Allman suggests that the structures in the living Hydroida homologous with the 
denticles of the Graptolites are not the hydrothecae but the nematophores, such as 
those of Aglaophenia , which contain simple protoplasm and not true hydranths. 
He points out that it is not only in general form that the nematophores resemble the 
Graptolite-cells, but also in their method of communication with the common canal, 
for the continuous and open communication of the calycles of Graptolites with 
the main tube is very different from the constricted communication (often associated 
with an imperfect diaphragm) which exists between the hydrothecae and the 
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perisarcal tube in the Hydroids. If this suggestion is correct, then the Graptolites 
would be "morphologically Plumularidans in which the development of hydro- 
thecBd had been suppressed by the great development of the nematophores," 
" while on the other liand, the existing Plumularidian " " would present in its 
nematophores the last traces of the structure of its ancient representative, the 
Graptolite." 

Reproductive Oi-gans. — AUman accepts the " gonosomal " nature of the repro- 
ductive sacs described by Hall and Hopkinson in Diplo. lyin^stis^ but rejects the 
"ovarian vesicles" of Nicholson, regarding their connection with the Graptolite as 
probably " purely accidental." Although admitting the probability that the 
appendages observed by Hall belong to the generative system, he is " unable to 
satisfy " himself that they are the remains of gonangia ; indeed he thinks that they 
are not capsules at all but " hollow laminae." He finds an analogue to these in the 
leaflets which compose the corbulae in Aglaopheiiia. An explanation of the scarcity 
of tliese " corbulae " in the case of the Graptolites is hinted at " in their free if 
not floating habit," for while no specimen of Sargassum in fructification has been 
discovered in the Sargasso Sea, the fructification of closely allied species which 
grow attached to rocks, etc., is not at all uncommon. 

Allman in a subsequent note to this work briefly refers to Richter's views on 
the structure of Graptolites as given in his paper in 1871. He expresses con- 
siderable doubt as to the presence of two laminae in the test, and of the develop- 
ment of the common canal from the " foot," and says that he is " unable to find in 
Richter's arguments any grounds for accepting the Polyzoal affinities of Grap- 
tolites," although the striae observed by him in the Graptolites compare well with 
those in Rhahdopleura. 

1873. 
Hopkinson, 

" On some Graptolites Some further facts regarding the occurrence of Graptolites 

from the Upper Arenig in the St. David's district were furnished by Hopkinson in 

rocks of Ramsay 1873. He gives a list of seven species from the Upper 

Island, St. David's.." ^^.^^j ^^^^^ ^f Ramsay Island. 
• Oeol. Mag./ vol. x. ^ •^ 

, g-g The same year Hopkinson wrote a note " On the Occurrence 

Hopkinson, ^^ Numerous Species of Graptolites in the Ludlow Rocks of 

" On the Occurrence of Shropshire," adding very considerably to our knowledge of the 

Numerous Species of fauna of these rocks. Six species of Monograptus and two of 

GraptoUtes in the Ptilograptus were new forms, viz., M. capula, M. clavicula, M. 

"sh^shiL^'^ incurvus, M. leintwardinensis, M. Salweyi, M. serra (the 

' Geol. Mag.; vol x. *'^^^® ^^^^ ^^^^® ^^® ^^^ identifiable), Ptilog. elegans, and 

P. Nicholsoni. 
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1873. 

Nicholson, 

" On some Fossils from 

the Quebec Group of 

Point Levis." 
' Ann. and Mag. Nat. 
Hist.,* ser. 4, vol. xi. 



In 1873 Nicliolson described some new Graptolite species 
collected by himself from the shales of Point Levis, v/z., 
THctyancma grandis, Tetragraptus approximatus. In this 
paper the generic name Clonograptus (for such forms as Gr. 
flexilis and Gr. riffidus) was first used. This name was given 
by Hall at Nicholson's request. The three genera Clone- 
graptuSy Loganograptns and Dichograptus are clearly defined 
and distinguished. 

Nicholson had by no means given up his idea of the ovarian character of the small 
capsules found in conjunction with certain species of Monographis, and in this paper 
he names them, for the sake of convenience, Dawsonia. Of these he considers 
there are four distinct species : D. acuminata, D. rotunda, D. tenuistriata, 
D. campanulata. 

Fresh light was thrown on the structure of the genus 
Dictifonevia by Dames in 1873. In the majority of his observa- 
tions he agrees with Hall, and he considers that there is no doubt 
as to its graptolitic nature. In some well-preserved specimens 
from the Silurian Limestones in Prussia, the cross threads 
have broken, thus setting free the branches, and the character- 
istic graptolite cells with long threads coming from their 
apertures are easily recognisable. Such specimens demon- 
strate that the cells are in one row only, not in alternating rows on both sides 
as Nicholson had stated. 

Dames suggests that Dictyonema is allied most nearly to Dichograptus and 
Dendrograplu^i the branches of which are spread out and are not united by 
cross threads. 

In 1873 Stache recorded and gave brief descriptions of 
some species of Graptolites from Osternig in Carinthia. These 
include DiplograpsusfoUnmj D. piistis^ Graptolithus {Monograp- 
sus) proteiLSy G. tnangidatuSy G. millepeda^ G. Nilssoniy Basirites^ 
sp. lietioliteSj cfr. Geinitzianus, From these fossils he concludes 
that the beds correspond to the Silurian Strata of the Fichtelge- 
birgeandtheThi'iringian-Saxon Schiefergebirge, and also to the 
base of Barrande's Stage E.,and the Coniston Flags of England. 



1873. 

Dam^St 

" Beitrag zur Kenntniss 

der Oattung 

Diciyonema, Hall," 

* Zeit. d. deutsch. geol. 

Gesell.* bd. 25. 



1873. 

Stdche, 

" Die Graptolithen- 

schiefer am Osternig- 

Berge in Kiirnten," etc., 

* Jahrb. der. k. k. 

geol. Reichsanstalt,* 

bd. 23. 



1873. 

Erdmann, 

** Graptolith del vis 

omsluten af en svafvel- 

kisboU," • Geol. Foren. 

i Stockh. Forh.' bd. 1 , 

no. 11. 



Erdmann figured a Graptolite which he refers to Gr. 
sagiftariu,% partly enclosed in a nodule of iron pyrites. 
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1873. 

Malaise, In the same year Malaise recorded the existence of the 

" Note 8ur la descrip- second Silurian Fauna, containing Glimaco. scalaris and 

Uondu terrain Silurien Graptolithus pinodou in the Upper part of the Silurian 

^ , . „ ^ ^ " terrain " in the centre of Beledum ; the fossiliferous horizons 

Belgique, * Ann. Soc. ^ 

Malacologique de la representing the Upper Caradoc and Lower Llandovery. 
Belgique,' t. 8. 

1873. 

Lapworth, 

'* Notes on the British ... -. ^^.-, t .i i i« i i ^ • ^c r\ 

a toVte d th • '^ Lap worth published a comprehensive paper " On 

Allies. On an ^^ Improved Classification of the Rhabdophora." 

Improved Classification 

of the Rhabdophora," 

* Geo\. Mag.' vol. x. 

Classification. — Accepting AUman's term Rhabdophora as the collective term 
for all the presumed virgula-bearing Graptolites, Lapworth separates them into 
two sections, namely : 

Section I. — Graptolitida3 (or Graptoloidea), in which the polypary is 
developed from a true sicula, the coenosarc originates a single series of thecae 
only, and the virgula is dorsal and on the exterior of the periderm. 

Section II. — ^Betioloidea, in which the polypary is not developed from a siculi- 
form " germ," the coenosarc originates a double series of thecae, and the epiderm is 
more or less supported by a framework of chitinous filaments. 

The Graftoloidea are divided into six families : 

1. Monograptidse, distinguished by the nucleated arrangement of the parts. 
Genera : 1 , Bastrifes ; 2, Mmiograptiis ; 3, Cyrtograpttts. 

2. Nemf^praptidsB (Hopk. MS.), slender forms, with ornate thecae and irregular 
branches. Gen.: 4, Leptograptus ; 5, Amphigraptus ; 6, Nevuigraptns ; 7, 
Coenograptus. 

3. Dichograptidse, regularly branched, with prismatic thecae. Gen. : 9, Dichj' 
inograptus ; 10, Tetragraptus ; 11, Dichograptus ; 12, Loganograptus ; 13, Clono- 
graptus ; 14, 15, 16, 17 (unnamed). 

4. DicranograptidsB, two-branched, with incurved thecae. Gen. : 18, Dirello- 
graptus; 19, Dlcraiwgraptus. 

5. Diplograptidse, polypary duplicate. Gen. : 20, Glimacograplns ; 21, Diplo- 
graptus. (Subgenera : Glyptograptus, Fetalograptas, Cephalograptus, Ortho- 
graptus.) 

6. FhyllograptidaB, polypary composite, quadribrachiate. Gen. : 22, Pht/Uo- 
graptus. 

The Retioloidea are divided into two families : 

m 
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7. Olossograptidaey virgiilaB coalescent, central. Gen. : 23, Glossograptus ; 
24, Retiograptus ; 25, Lasiograptus. 

8. SetiolitidsB, virgulae separate, lateral. Gen. : 26, Clathrograptus ; 27, 

Tingoiiograjytus ; 28, lieliolites. 

This classification is elaborated in a detailed Analytical Table. 

Developmeni. — In this paper Lapworth points out for the first time that in all 
the bilateral genera included in the families assigned to the Graptoloidea, the 
Graptolite polypary first becomes visible as a small, pointed, triangular, or rather 
dagger-like " germ," which he names the siciila (already recognised by Richter 
in the case of Monograptus and Diphgrajytus only, and denominated by him the 
" foot "). In the majority of bilateral examples studied a solid axis is developed in 
the outer wall of the sicula extending along its entire length, and a small pro- 
tuberance or " bud " makes its appearance usually in the neighbourhood of the 
sicula, and becomes moulded into a tlieca: a similar bud is given off from 
the opposite margin, and from these primordial buds the two main branches 
of the polypary are evolved by a process of continuous gemmation. 

But while the sicula appears always to have been present, the place of origin 
of the primordial bud or buds is somewhat different in the different genera, and in 
some forms there still remains a doubt whether the polypary is not a direct out- 
growth of the major {Dichograptns^ etc.) or of the minor {Moiwgraptus) extremity 
of the sicula. The sicula normally ceases to grow after the primordial buds have 
been given off and may occasionally become imbedded, absorbed, or obsolete ; but 
in the great majority of cases it permanently retains its shape and form. " It is 
simply this persistent sicula which constitutes the axillary spine in Dicello- 
graptus^^' the " radicular bar " in GoGiiograptas^ and the " radicle '* in Didgmo- 
graptuSf rhyllograjytus^^^ etc. 

The sicular or dorsal angle of the two main branches of the bilateral Grapto- 
lites is adopted by Lapworth as the " angle of divergence," and he points out that 
it ranges throughout the complete circle. It may be 0°, in which case the branches 
grow parallel with each other distally along the line of the sicula and coalesce by 
their dorsal surfaces either for the whole of their length {Diplograptus) or for a 
])ortion of it only {Dicranograptus). It may be less than 180"^ {Dicellograptus) or 
may exceed 180° (Didymograjytns), or it may be as high as 360°, when the branches 
again coalesce {Phyllograptus). 

Structure, — As respects the structure of the monoprionidian Graptolite 
Lapworth asserts that '*the common portion of the polypary preserved in relief 
appears to be composed of the conjoined bases of the successive thecae. These 
bud from each other in a single linear series. The budding orifices remain per- 
manently open and form together a continuous tube or canal of communication for 
the conveyance of the common body." He restricts the application of the term 
theca to the " exterior and separable portion of the chamber — in other words, to 
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that which is capable of being broken off from the common portion." He points 
out that " the line of junction of the thecse is thickened and projects into the 
common canal as a rounded shelf or flange." 

As respects the Diplograptidse he states that " the polypary is merely com- 
posed of two of these monoprionidian polyparies placed back to back," their 
dorsal walls coalescing into a median septum, " between the two laminas of which 
the duplicate virgula is imbedded." While he regards this as the normal mode of 
growth, he states in the sequel that in some forms of the Diplograptidse the facts 
go to show that " the common canal was only partially divided, thus in effect 
communicating with both rows of thecaB as in Betiolites.'' 

The peculiar characters of the diprionidian forms grouped as Retioloidea leads 
Lapworth to the view that they form a very distinct group from that of the 
typical Diplograptide. 

The genus Glossograptm^^ originally suggested by Emmons for forms like D. 
spinulos^iSy Lapworth considers should be retained, as, in addition to the two long 
thecal spines, there occur " two opposite longitudinal rows of gigantic, isolated spurs 
developed along the median line of the periderm at right angles with the thecaB." 
A new genus, Lasiograptus, is proposed for such diprionidian forms as have 
" a connected network " of minute, inosculating threads, " almost completely sur- 
rounding the polypary." The type species (Lasiograptus costatus) is described but 
not figured in this paper. 

Three other new genera are described, i. e., Clathrograptus (type C. cuneiformis), 
Leptograptus (L.flaccidus), and Amphigraptus {A. divergens. Hall). 

Lapworth regards the grouping of the first four families as given in his 
Analytical Table as the natural one, but that of the other families as " temporary 
and provisional," especially that of the Diplograptidas. 

,gyg In 1873 Salter published an exhaustive Catalogue of the 

Salter J. W. Cambrian and Silurian Fossils in the Woodwardian Museum 

* A Catalogue of the at Cambridge, illustrated by some figures. The following 

Collection of Cambrian species of Graptolit^s are figured and briefly described : 

and Silurian Fossils (j) Dictyonema sociale, (2) Graptolithus Hisingeri (sagittaHvs), 

^ ^ (3) Diplograpsus mucrmiatus^ (4) Phyllograptus aiigustifolius^ 

of the University of (^) DidyT^ograpsuH geminus, (6) Tetragrapsus bryoiioides^ (7) 

Cambridge.' DichograpsuSy sp. LoganograptuSy (8) Dendrograpsns furcatuhy 

(9) Graptolithus Sedgvnckii, (10) Bastrites (Graptolithus) con- 

volutuSy (11) Bastrites per egrinvSy (12) Viplog. folium^ (13) Diplog. pristis^ (14) Gr. 

ludensis {pinodon)^ (15) Betiolites Geinitzianus. 

1874. In the year 1874 Miller described under the name of 

MiUer, 8, A., Megalograptus a peculiar " large cylindrical form, not a 

mcmM 1 S4 . graptolite, bearing fronds with spinose processes, and covered 
p. 343. ' ^^*^ cellular openings." 
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^^'^^' An important addition to our knowledge of the Graptolitic 

"Ob^^V ''^^*"^' fauna of Australia was made by Etheridge, jimior, in 1874. 

few Graptolites from n Several species are recorded, figured, and described : (1 ) 

the Lower Silurian ** Tetragraptus hrijonoides " {Tetra. serra and Didymo. caducem 

Rocks of Victoria/* {(jibbenilm))^ (2) Tetrag. qiuidribrachiatiis, (S) PhyUog. typus, 

* Ann. Mag. Nat. Hist.; ^^^ Loganograptus Logani (Gcyniograptus)^ (5) Glimacog. sp.y 

' * ' ' ((5^ Dlplog. mticranatus {Glossograptus and Lasiograptus), (7) 

/). pristi^y (8) Didyinog. ? frnticosus, (9) 1). nitidus, (10) D. Pantoni? (=D. v. 

fractns), (11) G. latnsj which he regards as a fragment of a Dichograptus^ (12) 

Graptolithns sp. 

jg7^ The same year M*Coy figured several fine examples of 

M'Coy, Fred., Graptolites from Victoria in the first part of his * Prodromus 

* Prodromus of the of the Pala3ontology of Victoria.' The only new form named 
Palaeontology of ]jy }^{^ jg ^ variety of G. Logani, i. e. (1) var. anstralis. 

ic ria, ec. . rpj^^ other species are very similar to those given in Etheridge's 

paper. (2) Phyllogr aphis folmm. His. var. typiis. Hall, (3) Diplog. mucronatus 
(= Glo8sogra2)U(s)y (4) D. pristisy (5) JJ. redanguUwiSi (6) Diplog. {Glima>cograptus) 
hiconm^ (7) Graptolithiis {Didymog.) fruticosus, (8) Gh\ (Didynwg.) qtuid/iibra^hiaUiSy 
(9) Gi\ (Didyinog.) IrryonoideSy (10) Gr. (Didymog.) octobrachiahis. 
1874. 

^^**^* Lessen, during the same year, recorded Graptolites from 

" Ueber Graptolithen i t.- • ii tt j« • 

J -rr »» . rr x scvcu ucw localitics m the Harz, correspondmg m affe to 

aus dem Harz/ * Zeit. , , , / . . 

d. deutsch. geol. *'^^^ Upper Thuringian-Fichtelgebirge graptolite horizon. 
(Resell.,* bd. xxvi. 

jgy^ Several additional forms of Australian Graptolites are given 

M'Coy, Fred., i^ the second part of M'Coy's " Prodromus," which appeared 

* Prodromus of the in 1875. One new species is named: (1) Retiolites auBtralis, 
Palffiontology of from the Wenlock. The other forms described and figured 
Victoria, ec. . ^^^ . ^2) Bklyinog. extensm, (3) {Didymog.) caduceus (under 

this name are figured specimens of Didymog. gibbeinilv^ and Tetrag. Bigsbyi), 
(4) Diplog. palmeus, (5) Cladog. ramosus, (6) Cladog. furcahis. All these occur in 
the Llandeilo. G^\ [Didymog.) gracilis^ which he suggests might be made the 
type of a new sub-genus, is recorded from the Bala. He refuses to accept the 
genera TefragraptuSy Dicliograptus, etc., considering that the number of stems con- 
joined is a '' character certainly not of generic value." 
1875. 
Swartsion, 

T^T^i^M ^" "" ''^'P^'" '"^^*^ ''®^°''® ^^^^ "R^Mt^t Naturalists' Field Club 

tW f^nTiTco*^ ^ •^^''^' ^^^'^"ston recorded some fifteen species of Graptolites 
Down." ' Proc. Belfast ^''O'" ^^^^ Silurian strata at Coalpit Bay, co. Down. 

Naturalists' Field 
Club,* ser. 2. 
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1875. 

Nicholson y H. A.f 

" On a new Genus and 

some new Species of 

Graptolites from the 

Skiddaw Slates/* * Ann. 

Mag. Nat. Hist.,' 

ser. 4, vol. xvi. 



1875. 
Nicholson and Lapworih, 
** On the Central Group 
of the Silurian Series 
of the North of Eng- 
land," * Brit. Ass. 
Eeport.* 



A new genus of Graptolites, from the Skiddaw slates, was 
described by Nicholson in 1875, viz. Azygograptus, with its 
type species A. Lapworthi This genus, which has but one 
branch, with the * sicula in a similar position to that of 
Didf/viograptaSy Nicholson considers to be intermediate in its 
characters between Monograptns Nilssoni and the Neinagraptus 
of Emmons. A new species of Thamvograptuny T. Doveri, 
is named. The speciBc name Didymog. gibberulus is given to one of the forms 
originally included under Salter's D. caduceus. 

In a joint paper read before the British Association at 
Bristol, Nicholson and Lapworth divided the Coniston Mud- 
stones into two distinct groups, the Skelgill and the Knock 
beds, correlating the former with the Scottish Birkhill beds 
on account of the similarity of their Graptolites, and the 
latter with the Gala and Hawick beds. The Coniston Flags 
are regarded as the equivalents of the Denbighshire Flags 
and the Riccarton Beds. 

1875. In 1875 Mallada gave brief descriptions and figures of 

Mallada, some species of Graptolites met with in Spain. These 

"SinopsisdeUis include: (1) Mmiograpsiis Nilssoni (2) M. latns, (3) M. Halli, 

^^^^ (4) M. Bechij (5) M. pi'iodon^ (6) M. convolnfuSj (7) Diplograpsvs 

palmeuSj and (8) 2). pinstis. The figures are not original, but 

copies of those of previous authors. 

Several new species of Graptolites are described by White 
in the * Report of the 100th Meridian.' These are : (1) 
PhyllograptiLS Loringi (very closely allied to P. typus) from 
Utah, from beds belonging to what he calls the Canadian Period. From beds of 
the Trenton Period he describes (2) Graptolithns {Gliynacograptus) ramnlus 
(Dicranograptus), (3) Diptograpsiis hypnifonnis (D. /oZiace//s), (4) D.pristls? (5) D. 
quadrimucroiiatus ? These occur near Belmont, Nevada. 

The same year Richter recognised two horizons of Grap- 
tolite shales (a Lower and an Upper) in Thiiringia, but noted 
that nearly all the forms met with in the lower occur also in 
the upper. Two new species are figured and described. 
(1) Dicranograptus posthumas, (2) Monog. microdon, and also 
(3) Mimog. ludensis {= M. Flemingii), (4) M. fugax^ (5) 
Gyrtogvaptus sp. {G. Murchismii?). M. Nilssoiii is described. 



han encontrado en 

Espaiia," * Boletin de 

laCom.Geol.' 

1875. 
White, C. A. 



1875. 

Bichter, B., 

" Aus dem Thuring- 

ischen Schiefergebirge," 

* Zeit. d. deutsch. geol. 

Gesell.,' bd. xxvii, 

heft 2. 



but not figured. 

The results of Hopkinson's and Hicks' discovery of Graptolites in the 
St. David's district, which had been noted from time to time, were collected 
published in 1875. 
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The classification of the Rhabdophora, proposed by 

' Lapworth in 1873, is adopted, but in addition a new sub- 

Lapwarih, Order, entitled Cladophora, is proposed by Hopkinson to 

" The Graptolites of embrace all the remaining Graptolithina. This Sub-order is 

the Arenig and divided into two sections: (1) Thamnoidea, with its family, 

Lkndeilo Eocks of St. Thamnograptidse and its genera Thamnograplm and Bntlw- 

Geol Soc '*vol xxxT O'f'^pi^^y ^^^ (2) Dendroidea, with its families Ptilograptidae 

and Callograptidae, the latter family including the genera 

DendrograptnSj Gallograptns^ and Didijogvaptns^ with its new Sub-genus Desmo- 

graptus. 

An attempt is made to render the nomenclature of the Graptolites more 
uniform, by employing the termination " graptus " in the names of all the genera, 
as, for example, RastrograpttcSy Gladiograptus^ etc. 

Terminology. — A section of the paper is devoted to the terminology employed 
in describing the Graptolites. The " sicula " is carefully distinguished from the 
" radicle " ; but the latter term is still employed in Hall's original significance, for 
the ** proximal prolongation of the virgula " whatever its form. The various 
forms of appendages — viz. 1 , lateral or peridermal; 2, ventral or thecal ; 3, proximal 
and mesial; 4, apertural ; 5, proximal; or 6, radicular — are defined and distinguished. 

Description of Species. — The descriptions of the species are concise and accurate, 
but the figures are poor, and their identification is in some cases a matter of 
difficulty. The following genera, species, and varieties are given as new : (1) 
Didymograptns sparsus, (2) D. Nicholsoni, (3) D. euodus, (4) D. indenlus var. 
nanus, (5) D. furciUatus, (6) Tetragraptus HaUi (= T. seira), (7) T. Hicksii 
{Azygograptus)^ Clematograptus n.g., (8) C. implicatus, (9) Glimacograptus coelatos, 
(10) G. confertus, (11) Phyllograptns stella {— DiJywog. gibbeomhs), (12) Trigono- 
graptus truncatus, (13) Ptilograptus cristnla, (14) P. Hicksii, (15) P. acutus, 
(16) Dendrograptus perscnlptus, (17) D. arbuscnla, (18) D. Bamsayi, (19) D. 
serpens, (20) D. flexuosus var. recurvnsy (2J) Gallograptus radiatns, (22) G. 
radicans, (23) Dictyograptns Homfrayi, Desmograptus n.g., (24) D. cancellatus. 

Other species described and figured are : (25) Didymograptus affinis, (26) D. 
extensusy (27) D. indentuSy (28) D. patuhiSy (29) D. Miuxhisoniy (30) D. pennatvlus^ 
(31) Tetragraptus quadrHn^achiaVus^ (32) T. serrOy (33) Nemagraptus capillarity 
(34) Dicellograpttns moffatensisy (35) Biplograptns dentatnSy (36) D. foliaceuSy (37) 
1). tricoimisy (38) Glossograjdus ciliatuSy (39) Trigonograjytns ensifonnisy (40) Dendro- 
graptus diffnsuSy (41) D. diverge nSy (42) D. flexuosvsy (43) Gallograptus eleganSy (44) 
G. Salteriy (45) Dictyograptns irregularis. 

Range and Distribution. — The range and distribution of these species are 
discussed. The division of the Arenig as proposed by Hicks into Lower, Middle, 
and Upper is adopted, and the Arenig and Llandeilo beds are compared as 
respects their Graptolites with their American and British equivalents. 
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1875. 
Tromelin et LebescarUe, 
" Essai d'un Catalogue 
Kaisonne des Fossiles 
Siluriens," etc., * A8809. 
Franc, pour Tavance- 
ment des Sciences.* 

recorded. 



From the " Schistes ardoisiers " Tromelin and Lebesconte 
record Didt/mograpsus Murchisoni, Gr. Hisiiigerij and Gr. 
Sedgwicki. In the lowest part of the third fauna, namely the 
zone of ampelites and phtanites of Anjou and Lower Loire, 
they recognise Gr. colontiSy Gr. Becki^ Gi'. NiUsoniy Gr. spiralis^ 
and Diplo. folium^ while from the upper zone or " ampelite 
nodules " Gr. Bohemicus^ Gr. Bcclci^ and Gr. priodmi are 



1876. 

Linnarssoriy 

" On the Vertical 

Range of Graptolites 

in Sweden," * Geol. 

Mag.,' dec. 2, 

vol. iii. 



In a valuable paper " On the Vertical Range of the 
Graptolites in Sweden," Linnarsson showed that Graptolites 
occur on at least six distinct horizons in the Cambrian and 
Silurian rocks of Norway and Sweden each horizon being 
marked by different forms, and he satisfactorily parallels them 
with known horizons in Britain : (1) the Olenus Shales with 
the Upper Dolgelly of North Wales; (2) the Dictyonema 
Shales with the Dictyonema-bearing beds in Britain and the Baltic provinces ; 
(3) the Lower Graptolitic Shales with the Skiddaw and Quebec groups ; (4) the 
Middle Graptolitic Shales with the Moffat series ; (5) the Upper Graptolitic Shales 
with the Coniston and Gala beds ; (G) the Higher Silurian with the Wenlock and 
Ludlow. 

A general review of Linnarsson's paper, by Nicholson, 
accompanied it. In addition to discussing the various 
British strata corresponding to Linnarsson's five Swedish 
zones, Nicholson gives diagnoses and figures of four new 
genera from the Skiddaw Slates, previously included by 
him under the single genus Dichograptns. These are (a) 
Trichograptus, type T. fragilis ; (b) Temnograptus, T. viulti- 
plex; (c) Schizograptus, S. reticidatus ; (d) Ctenograptus, 



1876. 

Nichohotiy 
** Notes on the Corre- 
lation of the Grapto- 
litic Deposits of Sweden 
with those of Britain," 
' Geol. Mag./ dec. 2, 
vol. iii. 



G. aunulatns. 
1876. 

** On a new Victorian 

Graptolite," ' Ann. 

Mag. Nat. Hist./ ser. 

4, vol. xviii. 

1876. 

Tornqtiist, 

** Njblottad profil med 

Phyllograptus skiffer i 

Dalame," *Geol. Foren. 

i Stock. Forh./ no. 36, 

bd. 3, no. 8. 



A new species of GraptoHte was described and figured by 
M'Coy from the Bendigo beds of Victoria, under the name 
Didi/rnograj)sii8 Thureaui, but he suggests that, if the genus 
Didymograpsus is to be restricted to the two-branched forms, 
this species should be made the type of a new genus — 
Ooniograptus. 

A short stratigraphical paper appeared this year by 
Tomquist, on the Phyllograptus shales of Dalame and their 
fossils. 
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Lavwarih, ^^ 1876 Lap worth described in detail the various species 

" On Scottish Mono- of Scottish MonograptidaB, revising the synonymy and classi- 

graptidae." * ^^^[' fication, and figuring the species, many of which were new. 

Mag.,' dec. 2, vol. iii. 

Sf/noni/wi/. — Four genera are included in the family of the Monograptidas, 
MoHograptus, GyrlograptaSy and ItashiteSy and a new genus Dimorphc^^ptus. 
The author discusses at some length the respective merits of the generic names 
GrajdolithuSj Monopnon^ and MonograptiiSy for those imilateral Graptoloidea in 
which the thecaB are in contact with one another, and decides in favour of Mono- 
graptas. He retains the genus IlastriteSy and notes the presence of the virgula in 
this genus. 

Developinent — The development of the Monograptidae is here stated to be 
similar to that of the bilateral Graptoloidea, but "the polypary originates from 
a point near the broad end of the sicula,*' and " grows backward along the distal 
portion of the sicula itself, to which it adheres." He considers it " probable that 
all the Graptoloidea ought to be regarded as colonies of siculae, held together by a 
common body." 

Descrlj^tion of Species. — The following species are described and figured, and 
the localities and ranges of each are given. 

Genus liastrites. — (1) B. peregrinusy (2) B. capillar is, (3) U. mojcimuSy (4) J?, 
distans, (5) B. peregrinus var. hybridus. 

Genus Mouograptus : 

Group I. — Type M. Nilssoni. (6) M. Nilssoni^ (7) M. intei'tnediusy and (8) 
var. iavolutus, (9) M. gregarius, (10) M. altcnuatus^ (11) M. Saltei'iy (12) 
M. argutus, (13) M. tennis, (14) M. Sandersoni, (15) M. concinnus. 

Group II. — Type M. Hisiugeri. (16) AL Hisingeri and (17) var. jacolom, 
(18) M. cyphuB, (19) M. leptotheca, (20) M. vomeriuvs. 

Group III.—Type M. HaUl (21) M. Halli, (22) M. Eiccartonensis, (23) M. 
galaensis, (24) M. priodon, (25) M. Flemingii, (20) M. colonus, (27) var. dubius. 

Group IV.—Type M. Sedgwickii. (28) M. SedgivicJcii, (29) M. convolutus, (30) 
var. (a) communis, (31) {h) fimhnatus, (32) (c) proteus, (33) {d) spiralis, (34) M. 
triangnlatus, (35) M. turricidatus. 

Group v.— Type M. lohiferus. (3G) M. lobiferus, (37) M. Bechi, (38) 3/. 
Clingaui^ (39) M. runcinatus, (40) M. Barrandei, (41) M. exiguus, (42) M. crispus. 

Genus Cf/rtograptus. — (43) G. Carruthersi, (44) C. Grayi. 

Genus Dimorphograptus. — (45) D, elongatus and (46) D. Swanstoni. . 

The discovery of the genus Dimorphograptus, intermedrnte between Mouograptus 
and l)i2)lograptus, led Lap^vorth to abandon his former theory that in Biplograptus, 
etc., the sicula gave origin to two buds, and to suggest a simpler one. " According 
to this new theory the sicula in all the Graptoloidea throws off a single bud 
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only, and tWs theoretically invariably originates a single coenosarcal tube." In 
DiphgrnptuSy rieurograpiu^y etc., this is divided immediately after origin; but 
in Tetra^rapfus division takes place twice. The horizontal bar between the 
proximal ends of the two pairs of primary branches in Tetragraptns^ etc., is Hall's 
true "funicle," and is the only non-poly])iferous portion of the polypary. 

Lapworth ccmsiders that the structure of DimarphoijraptnH " lends support to 
the theory that the Monograptida^ are the direct descendants of the Diplograptidfe, 
and not of any of the compound monoprionidian genera." 

Ramje and Dhlrihutinu. — Tlie paper concludes with a general accoimt of the 
range and distribution of the Monogra])tida3 in Britain and abroad. The author 
recognises three successive specific groups, viz., those of the (1) Birkhill Sliales 
(= Coniston Mudstones = liow^er Llandovery), (2) (Jala and Girvan, (»{) Upper 
Silurian of Riccarton and the Pentland Hills (= Coniston Flagstones and Weidock 
and Ludlow Beds). Each of these possesses a well-marked and distinctive assem- 
blage of Monograptidae, and the vertical distribution of species in Scotland is in 
complete agreement with that in England, Ireland, and Europe. 

He em])hasises the fact that not a single species of any genus of the Mono- 
graptidjiB occurs in beds lower than the Bala limestone and therefore that the 
family is exclusively a Middle and Upper Silurian one. 

A complete illustrated list of the Scottish Graptolites 

Lapworth, recognised in 1876 was given by Lapworth in the * Catalogue 

* Catalogue of Western of Western Scottish Fossils ' prepared for the Meeting of the 

Scottish Fossils/ liritish Association at (Jlasgow. Among them were several 

** Graptohies.'* ^^^^y species wduch were figured but not described. It will 

suffice here to mention the figured forms then new to science : (1) Diplograptus 

printu var. tnincatus, (2) 1), foliacens var. calcaratus, (3) D. perexcavatus, (4) D. 

quadrimncroruitns var. spinigerus, (5) Z). aculeatus, (()) CUmdcogrnptus tubiiliferus, 

(7) C. hicornu var. tridentatus and (8) var. peltifer, (9) 0. Scharenbergi, (10) G. 

coelatus, (11) Ca'tiogrnptas nitidnlus, (12) C pertenuis, (Li) C. explanatus, 

(14) Amphigntj>tf(i< radiatus, (15) Didi/inogrnjdn.s superstes, (!<)) THrrnvogrnpfus 

ziczac and (17) var. minimus, (18) IMcMograptns pumilus, (19) /). caduceus, 

(20) I). Forrhammcri var. articulatus and (21) var. flexuosus, (22) Corynoides 

curtus, (23) Thnmuograptns scoticus, and (24) Dirff/ograpttts moffatensis. 

Two papers on the Silurian rocks of Dumfriesshire and 

1874-6. tlieir fossil remains were read by Dairon before the Geological 

aimn. Society of (Jlasgow in 1 87 1 — 1 870. In these a general account 

" Notes on the Silurian ^ , Vi ,. . . i . rr. . . ^ . 

Rocks of Dumfriesshire ^^ ^"^' Gra])t()lites IS given, their aHinities, structure, develop- 

and their Fossil ment, etc. A number of species are given and figured, and 

Remains/' 'Trans. three new ones are figured but not described: (1) Thainno- 
Geol. Soc. Glas^'ow/ tjrnpfuii crucifer, (2) L'rHnHfrs bianchiatus, and (3) Dlrellog. 
guilloche. 

n 
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2g7g The results of the researches of Swanston among tbe 

Swanston & Lapworth, Graptolite-bearing Sihirian rocks of co. Down, together with 

" On the Silurian a list of the Graptolites that they afford, were published in 

Rocks of Co. Down, 1876—1877. Many new localities for Graptolites in Ireland 

T^^* l» FJ\? ^^^- 1, are eriven, and the existence of the representatives of the 

* Proc. Belf. Nat. Field & » r 

QY^y^ » (ilenkiln shales. Lower and Upper Hartfell, Lower and Upper 

Birkhill (with the exception of the liastntes maxunvs zone), 
and the Gala beds is proved. 

To Swanston's paper there is an Appendix ])y Lapworth in which he figures 
and describes, mainly from his own collections, a large number of the species 
common to Ireland and Scotland. The majority of these were forms already 
named, while a few new forms are described in addition. (Those marked 
S.F. below had already been figured by Lapworth in his * Catalogue of Western 
Scottish Fossils,' and are here described for the first time.) The list includes: 
(1) llaHtrltr.i prrrfjriuftii^ (2) var. hf/hrifhis, (3) Mouograptus bnangulatnSy (4) 
M. spirali^^ (5) Yur. finhrlofu,^, (6) var. commnnifi^ (7) Yav.proteus?^ (8) M. 8e(1gicickf\ 
(9) M. tnrnndatns, (10) M. cn'spus, (11) M. exignnSy (12) M. Barramlei, (13) 
M. rvnnnntns^ (14) M. lobiferiis^ (15) var. pandns, (10) M. pnodon^ (17) 
N. rircarfnumsifty (18) M. gahicnsis^ (19) M. M^Coyi, (20) M. HisingeH var. 
jticnlum^ (21) M. ci/plrns^ (22) M. leptidhecn^ (23) M. concinnus, (24) Jlf. greganuSj 
(25) 3f. nrgntuSy (26) M. Sandersoniy (27) M. tevuis^ (28) M. attenuatus. 

IJimorjthogmjytus. — (29) I). Swanstoniy (30) D. elongatns. 

Crphnlograpfns. — (31) C. comrta. 

Diplographts (in the sub-genus Oli/jdograpfiis (^G. tamaruiciLs) Lapworth 
Ixjlicves that there is no vertical septum, the coenosarcal tube being apparently 
undivided).— (32) 7). aanninatus, (33) J). moJestns (S. F.), (34) IXslnnalns, (35) D. 
trlcornis, (3(3) 1). angn,stifoliffSy (37) 1). tainnrUcm^ (38) I). (}eiitafns,(S9) D. Hughesi\ 
(40) D. inHccliforniUy (41) i>. folium, (42) D. inincatus, (43) i>. folmceus, (44) 
1). ty'sirvhfsus, (45) I), qvndrhnucronntns, (40) D. Whifjieldi, (47) D. {Lasiograpiu^?) 
mvcroufftus, (48) D. (Haling rajtf us) blmucronatus. 

(Jlos>i()graptt(i<. — (49) (L inNrlii<ii, 

Lasiograjttffs, — (50) L. margaritatus, (51) L. Uarlnrssi. 

(■laflmtgrnpfns, — (52) C, cniwifornils (S. F.). 

RHwHics,—{ry:^) JL flbratus (54) U. perlafus? (55) var. Daironi (50) var. 

Cllmar<}(jr(fj>ftis, — C. sralarii^, var. irclns^ (50) var. normalis (57) var. rect- 
aiignlarls, (5S) var. caudatus, (59) nn*. tahtiliffrns (S.F.), (00) C. Scharcubergi (S.F.), 
(f;i) a. hirornis, (02) var. truhufatus (S.F.), (03) rar.prltifrr (S.F.), (04) C. cwlafns, 
(05) C. Wlhimi (S.F.), (00) G. pereararatu.s (S.F.), ((57) G. innotatvs. 

Ih'rravograjdiis. — ^CyH) D. raviosia^, (09) D. Nichohoin, (70) D. forimhws, (71) D. 
rlwr/anl, (72) />. zirzac (S.F.), (73) var. miniums (S.F.). 
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Dicellograptus, — (74) D. elegans, (75) D. Forchammeri, (70) 1). iiiojfatetisU, (77) 
var. divancatuSy (78) V. caduceus (S.F.). 
Didymograptas. — (79) D. supersles (S.F.) 
Leplograptm. — (80) L. jiaccidits. 

Gmnograptus. — (81) G. gracilis, (82) C. surcnlaris, (83) C. perlcnim (S.F.). 
Thamnograptus. — (84) T. tyjms ? 
Dictyoneina. — (85) D. vwffatensis (S.F.). 

^^^^' In 1877 Liiinarsson recorded the presence of a large number 

ijmarsso , ^j speciesof Graptolites in the " Lobi ferns shales " at Konefslena, 

** Om Graptohtskiffern . * , i tt i • i ^ ^ i i 

vid Kongslena i Vester- "^ Vestergotland. He only gives the names of those already 

gotland," * Geol. Foren. described, but mentions that there are others, probably new. 

Forh.,' no. 41, bd. 3. 

He discusses at considerable length the probable equivalents of these beds 

in Great Britain, Bohemia, etc. 

Some addition to our knowledge of the fauna of the 

1^7^- " Graptolithengestein " of North Germany was made by 

^^^ * Haupt in 1878. He records 14 Graptolites, and the maiority 

" Die Fauna des Grap. i -i ^ i c i rx i . . "^ 

tolith n te* " ^^'^ described and figured. One genus and species is new. 

* Neues Lausitziscbes He describes, but gives no figures of, Monograpsus priodan, 

Mag.' bd. 54. M. bohemicuSy M. colonus and M. sagUlanns. He describes 

and figures (1) M. didans ? {= M, scaniciL< Tullb.), (2) 

M. Salteii ? Gein.y (3) M. Nihsaniy (4) M. proleus? (5) M. sp. 1, and (6) sp. 2, 

(unidentifiable), (7) M. turriculahis, (8) llaslrites sp., (9) Dcndrograpsus sp. (10) 

Quadmplograpsus rhomboidalis is the name given by him to a form which he 

supposes to have four rows of cells. (The identity of this form is dubious, and it 

would seem that the four-rowed character is only apparent, not real.) 

From other isolated blocks in the Drift he figures the new forms (11) Retiolites 

gracilis, (12) Itetiolites sp., (both Diplograptid, probably of the amplexicaul type) 

and (13) DipJogra'psus sp. (which resembles Gryp^tograptus), 

1878. 
M'Coy, The fifth part of McCoy's * Prodromus ' appeared in 1878. 

• Prodroinus of the Good specimens of Didymograptus {Goniograjdus) Thureani 

Palaeontology of q^^q figured, and one of Didymograptus (Tetragraptus) Headi. 

Victoria,' dec. 5. 

Igjg In this year Lapworth published a paper on the " Moffat 

Lapworth, Series of South Scotland." In this memoir the species of 

" The Moffat Series,'* Graptolites are for the first time employed throughout in the 

* Quart. Journ. grouping and correlation of the stratigraphical subdivisions ; 

, ' ^'' and the conclusion is drawn that this Moffat Series, which is 

vol. xxxiv. 

only some 300 feet in collective thickness in the typical area, 
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embraces three formations — the Gleukihi, Hartfell, and Birkhill-^answering 
respectively to the Upper Lhmcleilo, Bala, and Lower Llandovery formations of 
Southern Britain and is separal)le into at least eleven Graptolitic zones. 

An attempt to study the minute structure of Graptolites 
^^ . * by means of dissolvinif away the calcareous matrix, and 

"EiuiireBemerkuii«a»u ^'^^^^ isolating the Graptolite, was made in 1878 by Giimljel. 
ul>er Graptolitheu," '^ '^^ experiments were made with specimens of M. yrioclon, 
* Neue« Jahrb./ 1878. and accurate drawings of some of the cells, both in relief and 
in section, are given in his paper. Giimbel notices par- 
ticularly the thickening of the cell- wall in three places — (1) at its proximal end, 
(2) at the i>oint of junction with the cell-wall next above, and (3) at the edge of 
the aperture. 

As a result of his tests he believes that the skeleton is formed of a "structure- 
less, meml)ranous sul)stance, consisting of several thin layers," like the chitinous 
skeleton of the Sertularia. 

He records the existence of two distinct Graptolite horizons in the Fichtelge- 
birge. He notes the discovery of Cyrtotjnqtluif '/ MurchLsoni and PleuTO(jraptus cfr. 
linearis, from the Upper Graptolite shales. 

1878. 

^^'^'^' Giinibers pa[)er was briefly referred to and criticised by 

,, , i., , „ ivichter in another number of the * Neues Jahrbuch for the 

urapt4)liteu tl. H. 

GiiinlHjU," same year, and his conclusions are in the main accepted. 

• Neues Jalirb.* 



" Die alU^steii Dtivoii. 



1878. In this year also, Kayser described and figured all 

^^^y»*ir, the Gi-aptolite forms hitherto recorded from the Harz 

Mountains from the beds lying at the top of the so-called 

H » '* * All • 11 Untere Wieder Schiefer, and below the Haupt Quartzite. 

zur geol. Sm^cialkarte These Graptolite-bearing beds he still considered to be of 

V. Preusseii u. d. Lower Devonian age. The forms figured are only frag- 

Thurin^rischeii Stajikm, meutary, but they appear io be correctly identified on the 

1x1.2, heft 4. whole; they include: (1) M. MU^uni, {2) M. convolntm, (3) 

M. llnUi, (t), M, colon fis, (5) M, dnhins^ ((>) M. smjittarinSy and (7) M,jacnlnm? 

He considers that M. dnhins is i<lentical with Roenier's species M. Jtimjsli, M, 

poliidirnta, M, ohiiqno'trnnrutns^ and M. snbdtndalus (pars). 

1878 187*> ^ large number of genera and sj)ecies of the Dendroidea 

Spencer, ^^^ described by Spencer, from the Niagara formation. No 

**Gr.iptolik»8 of the figures are given. 

Niagara formation," r^ij^^ ^^^^^ genera are Calyptograpsus, Bhizograpsus, 

^OaiuMlian Naturalist.* Acanthograpsus. The new species are Gahjploarapsus 
cyathiformis, 0. subretiformis, Rhizograpsns bulbosus, Didyonenia tenellai Acan- 
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thofjrajysiis Granti, Ftiloyrapsus foliaceus, ThamnograpsHis bartonensis, and 
Callograpsus niagarensis. 

1879. In 1879 Linnarsson described the various graptolite 

Linnarsson, horizons of Sweden, and compared them with tliose of Great 

" Jakttagelser ofver de jji-itain and elsewhere. He recognises three main divisions: 

Vff^ '^^ ^" (^) ^^^^ Lower, (2) the Middle, and (3) Upper Graptolite 

• Geol. Poren Forh. ' shales, corresponding in the main to (I) Arenig, (2) Llandeilo- 

no. 50, bd. 4. Hartfell, (3) Llandovery to Lower Ludlow. 

jg^Q In the same year Linnarsson described three species of 

Linnarsson. Graptolites from the Visby and Middle Gotland Groups of 

** Oin Gotlands the Silurian formation in Gotland. The Graptolites, though 

Graptoliter," * Kongl. rare, are well preserved in limestone, and Linnarsson was 

Vetensk-Akad. Forh.,' ^^^j^ ^^ ^^^ det<ailed descriptions of their structure, illustrated 

by excellent drawings. 

Structure. — In his description of Mmiograjhsus jmodmi he calls attention to 

the variation in form of the proximal portion of the polypary, as figured by 

different authors ; and he inclines to the view that the straight shape is the more 

typical. 

1879. An admirable summary and digest of the chief results of 

Zittel. research and opinion with respect to the Graptolites to the 

* Haudbueh der ^j^g^ ^f j^j^^ y^^^. jg^g ^^.^ ^[y^,^^ |^^ Zittel in the second part 

.^c.^n^. ?^^\ ^ (issued in 1879) of his 'Handbucli der Palaeontologie.' He 
(1876-80), baud I. ^ ^ . 

assigns the Cladopliora (Hopk.) to the Campanularias, and 

classes the Rhabdophora (Allmann) as a distinct sub-order of the Hydroida, but under 

the title of the Graptolithidae. The structure of the polypary in the Graptolithidaa is 

described and illustrated ; and the mode of existence and zoological position, etc., 

of the Graptolites in general discussed. The classification adopted agrees 

essentially with that of Lap worth (1873). The geological ranges of the various 

genera are noted, and it is shown that six main Graptolitic horizons or zones are 

already recognisable in Europe and North America. The text is illustrated by 

several good figures. 

His observations on the structure of lietiolites Ocinilzianns are somewhat 

indefinite, owing to the fact that he had only one specimen for examination. The 

chitinous network ho believes to be quite superficial, and the stronger strands 

which mark the boundaries of the thecse probably mere threads, not lamellae as is 

the case with other Graptolites, so that the interior of the polypary is not divided 

up into separate thecae. No virgula was observed by him in this Gotland 

specimen, and he is inclined to doubt the existence of two virgulae as described 

by Barrande. A species of Diclyanema is also recorded by him, but is not 

described or figured. 
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A paper hy Toriupiist on the Graptolite sliales of Dalurne 

Tiirnquist ^^ maiiilv stratigrapliical, but two new species are described 

" Nil^n-a Iaktu^r^»lser aiul figured, v!z. Dulf/vuHjraptns minntius and Fhijllog^raplas 

iifver Dalarnos Grai>to- densus, while a new variety of Dijdotjrajdns pulmens var. 

litskiffarr^Geul.Foreu. superstes, and one of M. .sjtiralis var. subconicus are recoi'ded. 

or 1.. . IV, uo. . 2ii Dahirne he recognises the following graptolite horizons: 

1, Phyllograptus skiffer with rhi/lloyraptus, Tetra^raptus, etc. ; 2, Trinucleus 

skiffei', corresponding to the Hartfell; 3, Lobiferus skiflFer, with five zones: (ci) 

3/. Icptofheca^ {b) Diplo. comvta^ (r) M. Scdgwickii, ('/) M. turricnlatiiSy (e) M. pnodmi 

and D, pill mens var. sapei\Htes\ and 4, Rctiolites skiflFer with Uet. Geinitzuinxis and 

M. .spiralis var. suhconicns. 

187y_i83i J 11 his text-book of fossils Quenstedt gives a general 

Qaemtedt, account of the Graptolites, and figures of many forms, but the 

• Petrefiu;U)iikuude majority of these are copies from earlier authors. He classes 

DeutsclilaiKls,' bd. vi, the (Jraptolites among the corals, between the " Rind " corals 

^^^ ^ ^' and the Bryozoa, and retains the old nomenclature. 

Description of SjKxies. — (I) Vict ijonema flahellif mine he describes under the old 

name of Uonjonia. His figures of (2) Graptolithus seiratus include fonns of the 

grouj) M. colonus^ etc. His (3) f/r. Inden^is includes M. priothn and M. tc.stisy his 

(4) (Jr. coloniis = M. lioemeri^ M. ilnhius^ IHdi/mo, pennatidus and D. Murchisoni^ 

his (5) (h\ scaltiris embnices M. Nilssoni, M, hohemicus^ etc. 

The Didymograpti noticed l)y him include TetragraptuSy and all the allied 
branched forms, together with iJcndrograplns, while Diploijraptus and ClifUfico- 
(jraptui^y etc., are classed as iJigraptL 

-g^^ In 1880 Lap worth described and figured a number of new 

LajmoHh, British species of Graptolites, revised a few forms already 

" On new British recognised but of which little was known, and he suggested 

Graptolites," * Ann. some new generic and sub-generic names. The species figured 

Mag. Nat. Hist.,' ser. 5, include the following : (1) Mom(jraptns leintwardiiunsis, 

''''^' ""' Hopk. MS., (2) M. Sidwei/i Hopk. MS., (3) M. Boemcri, 

(4) M. colonus, (5) 3/. (jalaeitsis var. basilicus, (6) M. crenularis, (7) M. crassuSy 

(8) M. riccartatymsis, (9) M. Flemiitgiif (10) M. Hisivyni var. nudus, M. Sidteriy 

(11) Cyrtograptn^ Linnars80:.i, (12) AzygtHjraptus coelebs, (13) ViceUograptus 

complanatus, (14) Dice! I o, in tortus, (15) Dicello. patulosus, (16) Dicello. divaricntus 

var. rigidus. The new genus Bryograptus is founded, and two new species 

described belonging to this genus, viz. (17) Z/77/0. Ejerulfi and (18) Bryo. Callavei. 

Under IJiplograptns he describes Nicholson's (19) D. pluisophord^ (20) D. 

socialis, nov. d., (21) V. (Glyptograptus) euglyphus, (22) D. perexcavatusy D. 

rugosus, Emvi? (23) Clivuicog, confertus. 

He proposes the new sub-generic name Idiograptus for forms typified by (24) 
D. aculeatus. 
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The peculiar structure presented by the curious forms (25) D. trlcoiiiis^ D. 

marciduSj and D. Ethendgii is described and explained, the new generic title 

Cryptograptus is suggested for them, and a new variety (26) var. Schaferi is 

figured. 

A new species of LasiograptuSy (27) L. retusus is figured and described. 

In a paper giving the results of his personal researches 

^^^^* among the Pre-Devonian Rocks of Bohemia, Marr shows that 

. ^ ., x^ ^ the Band E. e. 1 of Barrande includes three distinct Graptolitic 

" On the Pre-Devonian ^ . ^ 

Rocks of Bohemia " zones (1, Diplograptus zone; 2^ prwdon zone; 3, cohnns zone), 
• Quart. Journ. Q^ol. and that the same three zones occur in the so-called "colonies" 
Soc .' vol. xxxvi. in the same order, thus affording " grounds for the supposi- 

tion that these are only portions of the Band E. e. 1 faulted 
down among the grits and shales at the summit of the Cambrian (Ordovician) 
Series." 

^^^^^^ ^^^ years 1879 — 1880 appeared Lap worth's paper 

La worth " ^^ ^'^® Geological Distribution of the Rhabdophora," 

" On the Geological which was published in parts in the ' Annals and Magazine of 

Distribution Natural History.' 

of the Rhabdophora/' T\\\^ memoir is devoted to an exhaustive examination and 

n. an ag. o a . ^jgcussion of the available facts bearing upon the distribution 
Hist.,' ser. 5, vols. . i. ii i i r^ ^» . . 

iii iv V and vi ^^^ vertical range of all the known Grraptolite species m 

Britain and abroad, with a view of correcting the prevalent 

neglect of these fossils by geologists in general and of showing their importance 

as constituting probably the most relial)le chronological indices available in 

working out the detailed stratigraphy of the Lower Palasozoic formations. 

Part I. — Historiml. — In the introductory part Lapworth points out and illus- 
trates the geological and palseontological difficulties which had caused these fossils 
to fall into disrepute, enters into a critical discussion of previous opinions, and 
summarises the latest views upon the subject. 

Paut II. — Data. — The second part of the work is devoted to the fixation of 
the actual locjilities and horizons in Britain and al)roa(l from which known si)ecies 
of Graptolites had been obtained, so far as could be gathered from previous publi- 
cations and personal researches, and the special association of forms is given in 
each case. 

Part III. — Results. — In the third part the results deducible from the foregoing 
data are discussed and tabulated both from the stratigraphical and the pala3onto- 
graphical points of view. In the geological section the fauna of each Graptolite- 
bearing formation is fixed, and in the paljieont^)logical section each Graptolite 
family is dealt with and the ranges of the component genera and species deduced 
and shown in illustrative Tables. ^gj 

Part IV. — Conchisions, — In the fourth part Lapworth points out that strat^^l 
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graphically and morphologically the Grjiptolites arrange themselves into four 
groups : 

(1) Monograpta (including the family of the Monogi'aptidaB only). 

(2) Diplograpta (including the families of the Diplograptidae, [jasiograptidap, 
and Retiolitidse)- 

{'V) Didymograpta (including the Dichograptidae and Phyllograptidae). 
(4) Dice^llograpta (including the Dicranogra])tidaD and Leptograptidae). 
He gives a table showing the Vertical Distribution of the component genera, 
and he considers the following ])ropositions .as established : 

(1) "The Rhabdophora, or true (iirapt4)lite\s, are exclusively Lower Palaeozoic 
fossils, coming into visible existence in the Upper Cambrian, and disappt^aring 
from sight in the Upper Silurian." 

(2) " They .attain their maximum, both in genera .and species, about the middle 
of this r.ange, i.e.^ in the Llandeilo form.ation ; and there is a gradual decrease in 
forms in proportion as w^e pass uj)wards or downwards from this horizon." 

(i^) " The three grand gi-oups of the Didymogr.apta, Dicellogr.apt.a, and Mono- 
grapta are so restricted in their vertical range that each distinguishes a certain 
portion of the ascending succession of formations. The Didymograpta are essenti- 
ally iiower Ordovician fossils, the Dicellograptu Upper Ordovician, while the 
Monograpta are confined exclusively to the Silurian proper." 

(4) " With but two exceptions, each of the families of the Rhabdophora ranges 
through a fraction only of the entire succession of the Lower Palaeozoic rocks, 
nowhere exceeding in vertical ext(»nt th.at of .an entire system. The Dichograp- 
tida3 are Up])er Cambri.an and liOwer Ordovici.an fossils; the Phyllograptidae are 
exclusively Arenig; the Leptogi^aptidse and Dicranograptidae are essentially Upper 
Ordovician ; while the Lasiognaptidae .are as rigidly confined to the Ordovician 
itself .as the Monogr.aptidae are to the succeeding Silurian." 

(5) " Among the genera this limitation in time is carried out even more 
minutely. L(K/((iiogra])fffs^ Tetragraptns^ Pirhograpfitii^ Tirtlograptns^ and several 
others are exclusively Arenig genera. VlenrogmpUn^^ AiH2)hifjra])tuSy GcenograptiiSy 
etc., are peculiar to the Bala. RdHlrite.'^ distinguishes the Valentian, and 
Ci/rfo(i)'n2>tKH the Salopian." 

(6) "Descending to the species of the Rhabdophora, we find that they are so 
restricted in vertical distril)ution th.at few have a more extended range than that 
which is covered by a single formation in the vertical series; while the vast 
majority are peculiar to a single sul)-form.ation, or m.ark certain special horizons 
outside of which they are unknown. The forms which h.ave the greatest 
longevity present us with the greatest numl)er of recognis.able v.arieties, while the 
species of shorter range rai'ely show any notable dep.arture from the primitive 
type." 

(7) "The ascei'tained restriction of the divisions, families, and genera of the 
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Family DIPLOGRAPTID-ffl, Lapivarth. 

1873. Diplograptidie, Lapworth, Oeol. Mag., vol. x, table i, p. 665. 

Biserial Graptoloidea, with straight stipes. 

ThecaB tubular, usually in contact for a considerable fraction of their length ; 
ventral wall approximately straight or with every degree of sigmoid curvature ; 
apertural margins horizontal or inclined, everted or introverted, occasionally intro- 
torted. Test continuous, membranous. 

The mode of development of the polypary in the DiplograptidaB is in the main 
similar to that which obtains in the biserial portion of DicranograptuSy and may be 
described as follows : 

The first theca (th. 1^) buds directly from the sicula and on the same side of it 
as the virgella ; it grows steadily in a downward direction until it has first reached 
the level of the aperture of the sicula, when it bends round, and grows upward and 
outward. Before making this change in the direction of growth — indeed, probably 
soon after it has left the sicula — ^it gives origin to the second theca (th. 1^) which 
crosses the sicula and grows in such a mariner that its aperture is on the opposite 
side of the sicula with respect to that of the first. This second theca (th. 1") in 
turn gives rise to a third (th. 2^) whoso aperture is vertically above that of the 
first, and the third in its turn gives origin to a fourth (th. 2^) whose aperture is 
situated vertically above that of the second. The thecae lying on the same side 
of the polypary as th. 1^ constitute the primary series (th. 1^ 2\ 3\ etc.), those on 
the same side as the th. V constitute the secondary series (th. 1-, 2^ 3-, etc.). 

In some DiplograptidaB this alternate mode of development may persist as long 
as the polypary continues to grow ; and in these forms, although the upper portion 
of each theca is individualised, the lower portions of all the thecae communicate 
freely with each other. In many forms, however, the polypary is known 
to be divided partially or entirely by a longitudinal septum; in such cases the 
third theca (th. 2^), (or more exceptionally a later one,) gives rise to two thecaB, 
one (th. 2*) on the same side as the second (th. 1^), and one (th. 3^) on its 
own side, and these two are separated from each other by a septal wall. 
This septal wall may extend completely through the polypary from the obverse 
to the reverse side even from the earliest stages ; the septum is then said to be 
coiaplete {Gl. scalaris.). In other cases, however, it appears only on one side 
(the obverse), and is not visible on the reverse until a later stage in the growth of 
the polypary; the septum is then said to be incomplete {CI. mediuSy Gl. Tornquisti). 
Every theca developed after the commencement of the septum buds from the 
theca next below it belonging to its own series. 

As in DicranograptuSy the crossing canal, as such, in the DiplograptidaB is so far 
reduced as to be practically non-existent. 

24 
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In the Diplograptidae tlio protection of the sicula is more perfectly attained 
than in any other family, since it is often completely imbedded in the proximal 
part of the polypary. 

The forms belonging to the family are generally preserved as thin films, having 
been compressed in such a way as to show the polypary and its two lateral series 
of thecao all flattened down together to their common median plane. As a conse- 
(luonce the diagnostic criteria primarily employed or implied in the description of 
the various genera and species are those detailed appearances which are presented 
under these special conditions in this normal aspect {profile vietv). In the progress 
of research these conventional criteria become supplemented, interpreted, or 
modified by information furnished by flattened examples presenting the ventral 
a8i)ect {acalariform r/e?r), or by specimens preserved in the round {in relief), etc- 

The best known genera of the family are Climacograpkis and Diplograptus. 

In the geinis Clitmu^ograptu^ the ventral wall of the theca in the profile view shows 
sigmoid curvature, ite free outer portion is approximately vertical, and the margins 
of the aperture, which is situated within a well-defined " excavation," are horizontal 
or but slightly inclined, though sometimes introverted, and occasionally introtorted. 

In the genus Diphhjraptus the ventral wall of the theca in the profile view is 
ui>pi\>xiiuat<4y stniight or gradually curved throughout, and is distinctly inclined, 
while the margins of the aperture are typically everted. 



Genus CUMACOGRAFTUS, Uall. 
I8t>5. (7iw«i<*<yr«ij»^N#. Hall, Grapt, of Qut»beo Group, p. 111. 

/*f»/v/HH7/ bilaterally synuuetrical, biserial throughout. 

Thtnv tubular, ventnil walls with every degi'ee of sigmoid curvature ; 
a[Hn*tuml margins typically horizontal, situateil within well-defined " excavations," 
iKva^ioiuvllv inti»vorteil and rarelv introtorteil. 

FVi. ntv-i«m.KNv^iMHiwvNV*aiv«^T/%, The jH>lypary in ClimacograptHS varies greatly. 

**^''* In Si^me forms it is characteristicaUy minute, while 

in others it attains great dimensions. In some 
s[HH.Mes the jH^lypary haj> sub-paraUel margins and 
attains its maximum bre;uith quickly, while in 
others ag;iin it shows markeil tapering. 

The sioula is never visible for its entire length in 
adult s^Hvimons. Wing more or less completely 
iNiHcca H^vu^ of .h.^ ^-.u..* i :»«*^x^ vviKvaKxl by the Uis<^ of the earlier theca?. 

(;:^^.:^ V::^. ^t:;^^^;:^ T^^^^ ^^^^^^^ ^^ vlovolopmem of the polypary in the 

.Nkx.!h.:=^v:v.j:rvxx^ lv^^^^ cvuus is that ohanioteristio of the DiploCTaptids 
Ui^>»vr^h ill i::^>ueruK 



CLIMACOGRAPTUS. 



183 



Fio. 117. — Climacograptui Wilsoni, 
Lapw. 



The ventral wall of the theca shows every degree 
of sigmoid curvature. In the more typical forms 
of the genus the upper portion of the ventral wall, 
when seen in profile, is approximately vertical and 
free (free edge), the middle portion (impressed 
edge) curves sharply inwards to form the so-called 
excavation, while the lower portion (edge of contact) 
resumes the vertical position and is in contact with 
the theca next below (see Fig. 116). 

In the less typical species the distal free edge 
becomes more inclined, the excavation shallower 
and less abrupt, and the whole ventral wall forms 
a more flattened curve and points in the direction 
of Diphgraptus (see Fig. 117). 

The apertural margin in Ch'macograptus is 
typically horizontal, but it may be introverted 
and in exceptional cases introtorted. 
The thecal spines are ventral and mesial in position, as in the Dicranograptidaj. 
The Gllviacograpti may be grouped as follows : 
I. — Glimacograpti in which the free Type Olimacog. scalaris. 




Clim€ieograptu$ whose thecas tend to ap- 
proximate in form to those of a 
JHplograptus. Specimen shows sicula 
and development of theca 1*, etc. 
Dobb's Linn, Lower Hartf ell Shales. 
Coll. Wood. 



edge of the ventral wall is approximately 
straight and vertical, and the apertural 
margin horizontal. 



II. — Climacograpti in which the free 
edge is slightly inclined, and the apertural 
margin is somewhat introverted. 



01. scalains. 

var. normalis. 

var. miserahilis. 
Gl. rectangularis, 
GL medius. 
GL Toriiquisti. 
GL minimus. 
GL brevis. 
GL bicornis. 

var. tridentatns. 

var. 2>dtifer. 
GL supernus. 
GL Wilsoni. 

var. tubnlaHs. 

Type Glimacog. antiquus. 

var. Uneatns, 
var. hursifer. 

GL Cauda tus. 

GL tabuliferus. 

GL latus. 

GL styloideus. 
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III. — Glimacograpti in which the free 
edge is practically straight and vertical, 
and the apertural margin is slightly in- 
troverted and introtorted. 



IV. — Cliniacograpti in which the 
straight and vertical free edge is pro- 
vided with a mesial spine, and the aper- 
tural margin tends to be slightly everted. 

V. — Clwuicograpti in which tlie free 
edge is slightly inclined, and the apertural 
margin is thickened and spincd. 



Type GUmacog. ScJiarenbergi. 

GL Schareiibergi. 

GL HughesL 

GL mintUiis. 

GL extremus. 
Type Glimacog. innotatus, 

GL innokihis. 



Type Glinmcog. tnhei^culatus. 
GL tuhercnlatn4i. 



Group I. 

GUmacograpti in which the free edge of the ventral wall of the theca is 
approximately straight aud vertical, and tlie apertural margin horizontal. 



Climacograptus scalaris (Hisinger) (Linne?). Plate XXVI, figs. 1 a — c. 

1821. Ortlwceratites tenuis, Walilenberg, Petrifacta Tell. Suec., Nova Acta Reg. Soc. Scient. 

Upsala, vol. viii, p. 93. 
1837. Prionotvs scalaris, Hisinger, Lethea Sueoica, Suppl. p. 113, pi. xxxv, fig. 4. 
1867. Non Climacograptus scalaris, Carruthers, Intell. Obs., p. 370, pi. ii, fig. 6. 
1881. Climacograptus scalnris, Tullberg, Bihang. till k. Vet.-Akad. Handl., vol. vi, p. 9, pi. i, 

figs. 12—14. 
1890. Climacograptus scalaris, Tcimqiiist, Siljansomr. Grap., I. Acta Univ. Lund, vol. xxvi, p. 23, 

pi. 11, figs. 12—15. 
1893. Climacograptvs scaluris, Tomquist, Struct. DiprionideB, Acta Univ. Limd, vol. xxix, p. 2, 

figs. 1—22. 
1897. Climacograptus scalaris, Tomquist, Diplog. and Heteropr. of Scanian Bastrites Beds, Acta 

Reg. Soc. Physiog. Lund, vol. viii, p. 6, pi. i, figs. 1 — 8. 

Polypary not exceeding 2 cm. in length ; having an average breadth of 1*5 mm., 

siciila 0*6 mm. in length.^ Virgella conspicuous 

but short. Thecae eleven to nine in 10 mm., 

having a length of 1*5 mm., overlapping one- 

tliird of their length, free outer edges straight 

and vertical; apertural margin horizontal, lying 

within approximately semicircular or sub-elliptical 

excavations which occupy one-quarter of the width 

of the polypary and one-fourth to one-third of 

its ventral margin. Septum complete. 

Description. — The polypary is characteristically 

small and the breadth is attained by somewhat rapid 

^ The visible length is given in each case. 



Pios. 118 a and h. — Climacograptus 
scalaris (His.). 



H3 



'1- 



) 



a. Complete specimen, nat. size, from 

Hisin^er's tyjHi locality of Mftsse- 
berg, Vestrogothia. Coll. Dr. J. E. 
Marr. 

b. Enlargement ( x 5) of the proximal 

end. 
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widening from the proximal end, so that the margins are sub-parallel for the 
greater part of their extent. * 

The short, robust virgella is always conspicuous, and usually measures about 
1 mm. in length. The sicula is almost entirely concealed by the growth of th. 1^ 
and th. 1^, so that the proximal end presents a symmetrically rounded off 
appearance, especially on the reverse aspect. 

The septum appears to originate at once, and to bo complete from the earliest 
stages. 

The virgula is often prolonged beyond the distal end of the polypary. 

Remarks. — The foregoing description has been drawn up from British 
specimens which agree very closely with specimens from Hisinger's typical 
locality. Hisinger's species has been recorded from many localities, but these 
identifications appear to be erroneous; the form is a rare one in Britain, and 
has never hitherto been figured from any locality in the British Isles; all the 
figured forms hitherto referred to 01. smlaris belong to one or other of the varieties 
or species described below. 

Affinities. — The characteristic features of Gl. scalar is (His.), are the following: 

(1) Its complete septum ; 

(2) Its symmetrical proximal end, with a short virgella; 

(3) Its small size. 

Distal fragments resemble those of Gl. rectaiigularis and Gl. mediuSy but when 
the complete polypary is seen there are marked differences in the proximal ends. 
From Gl. rectaiigiihiiisj Gl. scalaris differs in its lesser width and smaller size, 
while from GL medius it may be distinguished by its smaller size, shorter virgella, 
and more complete septum. 

Hoinzmi ami Localities. — Upper Birkhill Shales, Lower Gala Beds and their 
equivalents. 

8. ScoUaiid : Dobb's Linn ; Belcraig Burn ; Lockerbie, etc. Ireland : 
Donaghadee; Pomeroy. Wales: Conway; Llanystwmdwy ; R. Twymyn, etc. 
Lake District ; Skelgill, etc. 

Associates^ etc. — Gl. scalaris is a rare fossil in the British Isles, though it 
appears to be present in small numbers wherever the Upper Birkhill Shales or 
their equivalents are found. It seems to occur most commonly at the base of the 
zone of Monog. Sedgwicki and to be associated with Monog. lobiferits and 
Gephalog. petalum. It is also met with more rarely in the Lower Gala Beds 
associated with Rastntes maximus and Monog. turriculatus. 

Gollectioiis. — Sedgwick Museum, the Authors, etc. 
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Var. normalis, Lapworth. Plate XXVI, figs. 2 a — g. 

1877. Climacograptus scalaris var. normalis, Lapworth, Grap. Co. Down, Proc. Belfast Nat. Field 
Club, p. 138, pi. vi, fig. 31. 



var. normalis, Lapw. 






Though tlie typical form of CL scalaiis (as described by Tullberg from 
Hisinger's specimens) seems to be found in Britain only in the Upper Birkhill 
¥iQBA\9aXf.—ciimacograpiut$eaiaH%, Shalcs and their equivalents, a variety of it, var. 

normalis^ occurs in abundance in the Lower Birkhill 
Shales, particularly in the Moffat country in the 
so-called "gingerbread" bed at their base. This 
variety differs chiefly from the type form in point of 
size, attaining often a length of about 5 cm., but 
never exceeding 1*5 mm. in breadth and oft^n 
barely exceeding 1 mm. The margins of the poly- 
pary are usually sub-parallel for the greater part 
of their extent, but some individuals appear to widen 
more gradually than others. 

Horizon and Localities. — Lower Birkhill Shales 
and highest Hartfell Shales. 

8. ScotUiwl : Dobb's Linn, Garple Linn, etc. 
ir</Z<v«: Rhayader District. Ireland: Donaghadee, 
Co. Down, etc. 

Associates, etc. — ^\^ar. wo»7waZwf seems to make 
its first appearance in the DiceUogr. anceps zone, but 
it occurs most abundantly in the zone of Ceph<ilog. 
acuminatus, where it is commonly associated with the 
zone fossil and CL recta nguhris. Some individuals 
survive into the overlying zones of Diplog. vesictdos^is 

where thev are associated with D. resiailosus and 

« 

various Dimorphograpt! ; and a few continue into the 
zone of Monog. gregarins. It has never been found in the L'pper Birkhill Shales. 
CoUtcttons. — Lapworth and the Authors. 



a. Obverse view. Dobb's Linn, Lower 
Birkhill Shales (sone of Cepkalog. 
acuminatMs). Coll. Lapworth. 

6. Reverse view. Ibid. Coll, H. Lap- 
worth. 

c. Obverse view showing part of dcula. 
Ibid. Coll. Lapworth. 



FlQ 



119 d. — Climacograpius $calaris, 
var. normalis, Lapw. 



Distal thecip showing their general 
form. IK^bb's Linn. Lower Hirkhill 
Shalt»8. ColL Lapworth. 



Var. miserabiUs, var. nov. Plato XXVI, figs. 3 a — /i. 



A form that may bo ivgiinlod as tho forerunner of the scalaris sub-group of 
Climacograpti makes its ap{>oaraneo in the Dicclh^ijraptus complanatus zone. 
It is a charaotoristioally smalU uniformly narn^w form, averaging 1 — 2 cm. in 
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F108. 120 a— c. — Clinuieograptus scalaria 
var. mi»er<ibilis, no v. 



length and never exceeding 1 mm. in breadth, 
being more commonly about "8 mm. The thecae 
are of the usual scakins type, and number eleven to 
ten in 10 mm. 

Affinities. — Var. misevahiLis has all the appear- 
ance of a starved GL scalanSy with which species 
it agrees in the type of its thecae and the general 
characters of the proximal end; it differs in its 
smaller size and width. 

Horizon and Localities. — Upper Hartfell Shales 
and Lower Birkhill Shales. 

S. Scotland : Dobb's Linn, Hartfell, etc. Shrop- 
sJiire : Aldress Burn. 

Associates^ etc. — Var. miserahilis is most abun- 
dant in the zone of DiceUog. coniplanatns, where 
it occurs in association with the zone fossil and 
Diplocj. socialis ; it is also met with in the DiceUog. 
anceps zone associated with DiceUog. anceps^ CI. 
supernus and Gl. latus ; while a few individuals survive into the lowest beds of the 
Birkhill Shales, where they have been found associated with Gephalog. acuminatus, 
Diplog. vesiculosuSy and various Dinwrphograpti. 
Gollections. — Lapworth and the Authors. 



a. WeU preserved specimen, obverse 
view. Dobb's Linn, Upper Hart- 
fell Shales (zone of Dicklog. com- 
planatus), CoU. Wood. 

6. Proximal end showing the typical 
aspect. Ibid. CoU. Lapworth. 

e. Distal thee®. Ibid. 



Climacograptus rectangularis (M'Coy). Plate XXVI, figs. 5 a — e. 

1850. Diplograpsus rectaiigularis, M*Coy, Anu. Mag. Nat. Hist., ser. 2, vol. vi, p. 271. 

1851. Diplograpsus redawpdaris, M*Coy, Brit. Pal. Foas., p. 8, pi. i, b, fig. 8. 

1876. Non Climacograptus rectangularis, Lapworth, Cat. West Scot. Foss., pi. ii, fig. 50. 

1877. Non Climacograpius scalaris var. redangularis, Lapworth, Gmp. Co. Down, Proc. Belfast Nat. 
Field Club, p. 138, pi. vi, fig. 32. 

1897. Non Climacograptus rectangularis, Tornquist, Diplog. and HeteroprionidsB of Scanian Eastrites 
Beds, Acta Reg. Soc. Phjsiog. Lund, vol. viii, p. 8, pi. i, figs. 16 — 21. 

Polypary 1 — 4 cm. in length, widening steadily from 1 mm. (0*5 in relief) 

until a maximum breadth of 2*5 mm. is attained. Sicula 1'5 mm. in length 

but partially concealed ; virgella conspicuous, short. Theca3 of the general 

type of those of Gl. scalavisy twelve to ten in 10 mm. Septum nearly complete. 

Description. — The polypary exhibits great variation in length, but the general 

characters are always maintained. The increase in breadth is gradual and almost 

imperceptible over the first 1*5 cm. of its extent; the maximum width attained 

varies between 2 mm. and 2*5 mm., but never exceeds the latter dimension. 

The sicula has a total length of 1*5 mm., but in adult specimens only 1 mm. is 
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visible. The virjjella is always present and is short, straight, and robust, 
measuring about 1 mm. in length. 

Theca 1* originates at a point about 1 mm. above the aperture of the 
sicula; it grows downward on the side of the virgella some little distance 

below the aperture, and then turns back, firowinfir 

Pig. 121 « and h,—CUmacograpius r ' » o o 

rtciamyuiaris (M-Ooy). upward and sHghtlv outward, so that its aperture 

comes to lie on a level with or slightly above its 
point of origin. Th. 1- grows obliquely across the 
back of the sicula, leaving it free on one side for a 
small fraction of its length. 
r'. The septum originates at once between the 

^ aj>ertures of th. 1* and th. 1*, or at latest on the level 

of the aperture of th. 1*. The virgula is often 
a h prolonged distally for a considerable distance. 

«. iv^xiiiuu emi in IX livf. >j*^;:«i;|^.^ A m III/ «V^.— There appears to have been consider- 

KnUi^^mont of pArt of PI. XX\ I, •• "^ 

fi^.oa. ^\^]^ misapprehension respectinc: this species of 

K iiHin^ s)HVinH«n piv>bAl»lT refembW * * ^ * ..... 

to this specHw^obToneViev aiK>v. M'Cov ; and (7iwiiia«/j*rtj»/w.< TiVwowiV/i, which is in 

inir siouU TVymyn KiTer. n«*r . • * ^ ^ 

LUnKo-nuiair. Doi^^an iBirkhiU realitv verv diflFerent, has been commonlv referred 

Beds. CoU,KU«. • • . mi 1. j • 'i i 

to this sj>eoies. Ihe above descnption has been 
dn^wn up from M*Coy*s tyjn* specimens which are in the Sedgwick Museum ; and 
his sjKvios apjnn^rs therefore to have the following characteristic features : 

(h iinulual increase in breadth over first 1'5 cm. till 2'5 mm. is attained. 

^^i"^ Short conspicuous virgella proceeding from a sicula, which is free for 
iioarlv half of its lenirth on one side. 

\^-V^ Complete septum. 

It is therefore closely relateil to (7. *<0'i/'.inV \^with which its theca? agree in all 
esc>entials^. but differs fnmi it in size and in the greater breadth, attained by gradual 
and jH^rsistent widening. From CL uu\iiH^ it differs in having a shorter virgella, 
more gradual widening, and more complete septum ; from CI. rjniyiuV/i, with 
which it ap[K\^rs very fretpiently to have In^en confused, it differs entirely in the 
clianKnor of the j^roximal end. 

Ih'rux'h xVi'A /..-m/iV4?\<, — Lower Birkhill Shales and et|uivalents. 

S, Sl^ r.'.r;,?: IVbKs Linn: Garple Linn; Belcraig Bum: Crv>sscleuch ; Ritton- 
sido; IVuwhapplo iilou. Saugh HilU etc. i.'-iv iHsifict : Skelgill, etc. IHi/t'^^; 
ParvV Mountain : LlauystwiiKlwy, Irr^^.i: Pomeroy : Donaghadee. 

.(>< oi':::>\ rr\ — i\:'';'.r.\ .-.♦'•••,.:•'{> is a cv^mmon fossil in the Lower 
Birkhill Shales \^i>artioularlY in the rones of /*!* \-*j. Ct.^iV fc\y*«.< and M. '/ivxitiWe^*), 
and :::o:r c\|uivalents in the British Isles. Its asc?ociates arv the entire Lower 
Birkhiy. laxiua. 

r.^V • ;:i* >\ — Sixlpvick Mus<n;uu British Mus^^uu: ^^^itural History), Lapworth, 
^Varl*.s:dc:^. and the Authors. 
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FiOB. 122 a, h, and e. — ClinMcograpttu 
medius, Tdmq. 



Climacograptus mediusy Tornquist. Plate XXVI, figs. 4 a—f. 

1870. Climacograpsus teretiusetUus, Nicholson (pars.), Ann. Mag. Nat. Hist., ser. 4, vol. vi, p. 373, 
figs. 1 a, h,f. 

1872. Climaeograpnu teretiu$culu8, Nicholson, Monog. Brit. Grapt., p. 33, figs. 8 a, &,/. 

1873. Climaeograptus sealaris. Malaise, Terr. Silur. du centre de la Belgique, p. 104, pi. vi, figs. 5, 6. 
1897. Cliinaeograpius medius, Tornquist, Diplog. and Heteroprionidse of Scanian Rastrites Beds, 

Acta Eeg. Soc. Phjsiogr. Lund, vol. viii, p. 7, pi. i, figs. 9—15. 

Polypary 1 — 4 cm. in length, wide at origin, but undergoing slight increase 
for about the first centimetre of its length, until a maximum width of 
about 2*5 mm. is attained. Septum partial till the level of fourth or fifth 
thecal pair, thence complete. Sicula 1*5 mm. in length but partly con- 
cealed. Virgella very long, attaining a length of 10 mm. or more. Thec89 
twelve to ten in 1 mm., of the same general type as those of Gl. scalains. 
Description. — The sicula is free for a considerable fraction of its length on one side, 
and in addition to the virgella there occur occasionally two basal spines, the origin 
of which is obscure ; they seem to belong to the sicula rather than to the thec8B. 
In the obvei'se aspect the septum is seen to extend down to the proximal 

extremity of the polypary; in the reverse aspect, 
however, there is no trace of it until the level of 
the fourth pair of thecae is reached, and occasionally 
not until the level of the fifth ; this would seem to 
imply that it is at first only partial, not extending 
completely through the polypary imtil the level of 
the fourth or fifth thecal pair. 

The virgella varies in length from 5 mm. to 
10 mm. ; it is always therefore a more conspicuous 
feature than in Gl. sealaris or Gl. rectan/jidaHs. 
The virgula is commonly prolonged distally for a 
considerable extent. 

Affinities. — Gl. medius is no doubt intimately 
related to Gl. redangularis and GL Tmrnqiiistij and 
may be regarded as an intermediate form between 
them. It agrees with Gl. rectangidaiis in point of 
size and in the characters of the thecae ; it differs, 
however, (1) in being wide at the proximal end 
and hence undergoing less increase to attain the 
same breadth, (2) in the possession of a much 
longer virgella, and (3) in the fact that the septum 
is not completely developed till the level of the 
fourth or fifth pair of thecae. In compressed 

25 






a. Proximal end, obverse view. Main 
Cliff, Dobb's Linn ; Birkhill Shales 
(zone of Diplog. ve9iculotu$). CoU. 
EUes. 
Small specimen showin)^ two spines 
in addition to virgella. On same 
slab as PI. XXVI, n^. 4 a, c, and e, 

c. Distal theca; showing larg^ apertiiral 
excavations. Enlargement of part 
of PI. XXVI, fig. 4 a. 
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specimens the greater length of the virgella is the most obvious point of 
difference. 

CI. medius agrees with GL Taniqnisti in the possession of a conspicuously long 
virgella and in the general characters of the thecae, but in CI. Toniquisti the sicula 
is longer and less imbedded in the polypary, and the septum is not complete until 
the level of the eighth thecal pair. 

Horizon and Localities. — Birkhill Shales (zones of Diplog. vesiciilosus and 
Monog. gregarius). 

8. Scotland: Dobb's Linn; Lockerbie; DufFkinnel, near Wamphray, etc. 
Wales : Llanystwmdwy ; Pennant, Llanbrynmair. Lahe Distnct : Skelgill. 

Associates^ etc. — CI. medius is most abundant in Britain in the zone of Diplog. 
vesicnlosiis ; it is also fairly common in the lower part of zone of Monog. gregaHu.s 
at the top of the Lower Birkhill Shales, and is met with occasionally at a 
slightly higher horizon ; it is usually associated with Diplog. vesiculosus, Dimorplwg. 
Swanstoniy Monog. greganus, M. tennis^ M. tiiangulattu% CI. rectangularUj and 
Diplog. physophora. 

Collections. — Sedgwick Museum, Fearnsides, and the Authors. 

Climacograptus Tdrnquisti, sp. nov. Plate XXVI, figs. 6 a—f. 

1876. Climacograptus rectangulnris, Lapworth, Cat. West Scott. Foss., pi. ii, fig. 50. 

1877. ClimacograptuB scalaris var. rectangularis, Lapworth, Grap. Co. Down, Proc. Belfast Nat. 
Field Club, p. 138, pi. vi, fig. 32. 

1897. Climacograptus rectangularis, Tomquist, Diplog. and Heteroprionidfle of Scanian Bastrites 
Beds, Acta Eeg. Soc. Physiog. Lund, vol. viii, p. 8, pi. i, figs. 16 — 21. 

Polypary 1 — i cm. in length, widening within 1*5 cm. to a maximum breadth 

of 2 mm., which is maintained to the distal extremity ; sicula 2 mm. in length, 

only partially concealed; virgella robust and long, generally attaining a 

length of 10 mm. or more. Septum, partial until level of eighth thecal 

pair. Thecae twelve to ten in 10 mm. of the form of those of CI. scalans. 

Descnption. — The sicula is long, and is free for nearly the whole of its apparent 

length on one side, giving to the proximal end an appearance closely resembling 

that of a Dimorphograptus. 

The proximal end is somewhat abnormal for a Climacograptus \ th. 1^ is so 
unusually long that its aperture is above the level of that of th. 2\ while its 
direction of growth is so peculiarly upward, instead of outward and upward, that 
the sicula is left entirely free on one side ; nevertheless the thecae appear to develop 
in their usual order. 

The virgula is not often preserved as a distal prolongation, but occasionally 
projects 10 — 15 mm. beyond the polypary; it is very slender as a rule, a fact 
which no doubt accounts for the comparative rarity of its preservation. 
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¥ias, 123 a i^d h.^ciimacograptus Affinities.— Viiliko the Other closc allies of 

Tamquisii, Bp.noY. CUtriacog. scalaris, CI. Tihmquisti is clearly closely 

related to the Dimorpliograpti, but since th. 1^ seems to 
develop as usual from th. 1^ and the Dimorphograptid 
appearance is due merely to its peculiar direction of 
growth and unusual length, this species must be re- 
garded as a Climacograptns^ of which the charac- 
teristic features are the following : 

(1) The long sicula, free for nearly the whole of 
a h its apparent length on one side. 

. ^. . . w (2) The long virgella. 

a. Obverse view, showing sicula froe on ^ ^ o o 

the right side. Dobb's Linn, Birk- (jj) The incomplete scptum Until the level of the 

hUl Shales. Coll. EUes. • i i i . . , 

6. Reverse view showing part of sicula eighth thecal pair IS readied. 

on left side and long thcca r. En- mm- * ±' - i i . n i i 

largement of part of PI. XXVI, CL. Imniquistt IS Undoubtedly closely related to 

CI. rcctangularis and CI. meclius ; distal fragments of 
CI. Tornqnisti and CI. rectangularis are almost indistinguishable, but when the 
proximal end is preserved the longer sicula, long virgella, and less complete septum 
in CI. Tamquisti serve to distinguish it. It is often very difficult to separate it 
from CI. vicditis, especially in compressed specimens when the details of the 
proximal end are obscure and the septal groove invisible ; but in well-preserved 
specimens the sicula of CI. Tiyiiiquisti is geen to be longer and less imbedded in the 
polypary than is the case in CI. medius^ and while the septum is not complete until 
the level of the eighth thecal pair, it is always complete in CI. medius after the fifth. 

Horizon and Localities. — Lower Birkhill Shales (rare in Upper Birkhill Shales). 

S. Scotland : Dobb's Linn ; Belcraig; Garple Linn. Wales : Big Pit, east side 
of Pary's Mount ; Mona Mine, Pary's Mount ; Llanystwmdwy. Lake District : 
Skelgill. Ireland : Donaghadee, Little River, Pomeroy. 

Associates^ etc. — CI. Tornqnisti is a common fossil in the Lower Birkhill Shales, 
and is especially abundant in the zone of Monog. gregarius. It occurs most 
frequently associated with Monog. gregariiis, Monog. cyj^hus^ Monog. fimhriatas^ 
Monog. tnangnlatns, CI. rectangvlaris^ CI. innotatas. It is only rarely met with 
in the higher beds of the Birkhill Shales. 

Collections. — British Museum (Natural History), Sedgwick Museum, Lapworth, 
Feamsides, and the Authors. 

Climacograptus minimus (Carruthers). Plate XXVII, figs. 1 a — g. 

1868. I)ipIogra])6U8 minimus, Carmthers, Geol. Mag., vol. v, p. 125, pi. v, figs. 12 a, 12h, 

Polypary 1 — 3 cm. in length, increasing gradually in breadth till a maximum 
of nearly 2 mm. is attained. Sicula visible for 1 mm. of length ; virgella 
fairly short ; virgula distally prolonged. Thecal fourteen to eleven in 
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Figs. 



124 a — c.—Climacograptus mini' 
mun (Carr). 



P 
k 



10 mm., having an average length of 1*5 mm., overlapping about one-half 
their extent; apertural margin horizontal, situated in deep excavation 
occupying fully one-third of the width of the polypary and one-fourth of its 
ventral margin. 
Description. — The polypary measures 0*8 mm. in width at the proximal end, 

but widens within 4 mm. to its maximmn breadth, 
so that the margins are parallel to each other for 
the greater part of their extent. 

In the reverse aspect of the polypary the proxi- 
mal end has a very compact and rounded off appear- 
ance, and the only part of the sicula visible is its 
virgella. In the obverse aspect the sicula is seen 
for 1 mm. of its extent; th. V originates 1*3 mm. 
above the aperture, and the polypary develops in the 
usual manner. In one specimen the virgula is seen 
to be expanded into a small vesicle. 

The septum originates at once between th. 2^ 
and th. 2-. 

Affinities. — Gl. minimus is a form originally 
described by Carruthers as a Diphgrapsus^ but the 
characters of the thecsB proclaim its connection with 
the Clinuicofjrapti. It is characterised by its rela- 
tively great width in proportion to its length, a 
feature which serves to distinguish it from allied 
forms, such as GL brevis. 

Horizon and Localities. — Hartfell Shales 
{Dicranog. Glingani and Pleurog. linearis zones). 

ki. Scotia ml : Dobb's Linn; Hartfell; Mount 
Benger Burn. Wales: Railway Pendwr, south of 
Bletherston ? 

Gollections. — British Museum (Natural History), Lap worth, and the Authors. 



a. Proximal end, obverse view. On 
same slab as PI. XXVII, fig. 1 g. 

h. Obverse view, showing sicula. Dobb's 
Linn, Hartfell Shales (zone of 
Pleurog. linearis). Coll. £lles. 

c. R3verse view. On same slab as PI. 
XXVII, figs. 1 a—c. 



Fio. 



124 d. — Climaeograptus 
(Carr). 




d. Disbil theciv. Enlargement of part 
of PI. XXVII, fig. 1/. 



Climaeograptus brevis, sp. no v. Plato XXVII, figs. 2 a — -/. 

1885. a. cfr. mimUus, Marr and Roberts, Quart. Journ. Geol. Soc., vol. xli, p. 476. 



Polypary small, about 1*5 cm. in length and having an average imiform width 
of about 1 mm. Sicula 1 mm. in length ; virgella conspicuous ; virgula 
distally prolonged. Thecae fourteen to ten in 10 mm., nearly opposite, short 
tubes having an average length of about 1 mm., overlapping about one- 
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F108. 



125 a and h. — Clinuicograptus 
hrevis, sp. nov. 



third; apertures situated in semicircular excavations, which occupy one 
third to one quarter the width of the stipe, and one third of the ventral 
margin. 
Description. — GL Wevis is a small species ; it may attain a length of 1*5 cm. as 

a maximum, but specimens having a length of 1 cm. 
are of commoner occurrence, and the breadth is as 
a rule rather less than 1 mm. The thecal apertures 
are nearly opposite to each other, and the outer 
walls are straight or slightly widened with a 
tendency to rounding off at the base. 

Affinities. — This species is obviously very closely 
allied to CI. minivms in point of size and in the 
general characters of the thecaB ; its chief distinction 
hes in the lesser breadth and smaller degree of 
overlap of the thecae and larger apertural ex- 
cavations. From all other forms it may be dis- 
tinguished by its small size and the characters of 
its thecae. 

Horizon and Localities. — Llandeilo Flags ; Glen- 
kiln and Lower Hartfell Shales ; Dicranograptus Shales. 

8. Scotland: Dobb's Linn ; Hartfell; Mount Benger Burn. Wales: Gwern-y- 
fed-fach, Builth ; S. of Wolfsdale ; Parsonage Llandewy Velfry ; Clarbeston Road 
Railway Station ; Spittal Road Cutting. 

Associates^ etc. — GL breois is a common fossil, in the Llandeilo Flags of Gwem- 
y-fed-fach, near Builth, where it is found on the same slabs as Netnag. pertenuis 
and DiceJlog. sextans. It is also found in the Glenkiln Shales of S. Scotland, and 
in the Dicranograptus Shales of S. Wales. It appears to belong characteristically 
to this horizon, but some individuals survive into the Lower Hartfell Shales. 



. Proximal end, obverse view, showing 
apex of sicula. Enlargement of 
part of PI. XXVII, fig. 2 a. 

, Small but complete specimen, reverse 
view, showing basal part of sicula 
free for short distance on left side. 
Gwem-y-fed-fach, Builth ; Llan- 
deilo Beds. Coll. Elles. 



Climacograptus bicornis (Hall). Plat43 XXVI, figs. 8 a—f. 

1847. Oraplolithus bicornis. Hall, Pal. New York, vol. i, p. 2(58, pi. Ixxiii, fig. 2. 

1870. Climacograpsus bicornis, Nicholtton, Ann. Mag. Nat. Hist., ser. 4, vol. vi, p. 380, figs. 5 a, b, c, d, 

1874. Climacograptus bicornis, Dairon, Trans. Geol. Soc. Glasgow, vol. v, p. 183, pi. i, fig. 25. 

1876. Climacograptus bicornis, Lapworth, Cat. West Scot. Foss., pi. ii, fig. 51. 

1877. Climacograptus bicornis, Lapworth, Grap. Co. Down, Proc. Belfast Nat. Field Club, p. 139, 
pi. vi, fig. 38 a. 

1902. Climacograptus bicornis var. longispina, T. S. Hall, Records Geol. Survey N.S. Wales, vol. vii, 
pt. 2, p. 5, pi. xii, figs. 8, 9. 



Polypary 2 — 6 cm. in length, widening gradually from origin until a 
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F1Q8. 126 a, 6, c, and d. — ClittMcograplus 
hicomis (Hall). 





tlJ 





maximum width of 2*5 mm. is attained, then 
continuing with parallel margins up to the 
distal end ; proximal end provided with two 
conspicuous spines. Sicula small. Thecae 
twelve to ten in 10 mm., having an average 
length of 1*5 mm. and overlapping about one- 
third of their extent; apertural margins 
horizontal, situated in elliptical excavations 
occupying one-third of the ventral margin 
and one-quarter the width of the polypary. 
Descnption. — The polypary varies very much in 
size and may attain a length of 6 cm. or more, 
but specimens having a length of 3 — 4 cm. are of 
commoner occurrence; when compressed the poly- 
pary measures '8 mm. — 1 mm. in breadth at its 
origin, but specimens preserved in relief generally 
only measure "6 mm. The increase is gradual in a 
distal direction, but the maximum breadth is usually 
attained within the first four centimetres of length. 
At 1 cm. the polypary is 1"5 mm. wide, at 2 cm. 
2 mm., at 3 cm. about 2*2 mm., and at 4 cm. 2*5 mm. 
The sicula is small ; when complete it measures 
approximately 1 mm. in length, but since the whole 
of the apical region is imbedded in the fully 
developed polypary the visible length as a rule is 
only '5 mm. In the case of very young specimens 
the sicula is completely visible. The virgella can 
often be seen as a small stout projection from the 
sicular aperture, and the virgula is occasionally prolonged beyond the distal 
extremity of tlie polypary. 

Th. 1^ originates about '5 mm. above the aperture of the sicula {i,e. at the top 
of the visible portion in a mature specimen) and grows downward until it reaches 
the level of the aperture. It then bends round and grows outward and slightly 
upward, so that its own aperture is sliglitly below the level of its point of origin. 
A spine is always present on each side of the base of the polypary ; in some cases 
these spines are merely outgrowths from the outer walls of the earliest tlieca) just 
below their apertures, but often a complete modification of th. l^and th. 1^ to spines 
appears to have taken place and no aperture can be discerned. There appears to 
be every stage between these two extremes. The spines vary very much in size, 
and, as Nicholson long ago observed, they may be anything from 1 mm. to 1 cm. 
in length, and may be curved and long, or straight and short ; the angle 



o. Proximal end showing part of sicula, 
and apf^rtiiral edges of proximal 
thocae prolonged into spines. Dobb's 
Linn, Lower Hartfell Shales (zone 
of Climacog. Wihoni). Coll. Elles. 

6. Proximal end showing aperture of 
th. 1>. Ibid. 

c. Distal thecae, half profile view. Dobb's 

Linn, Lower Hartfell Shales. Coll. 
Wood. 

d. Distal thecoB, sub-scalarifomi view. 

Ibid. Coll. Lapworth. 
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included between them appears to vary from 60° to 140°. They are frequently 
enclosed partially or entirely within a membrane, which gives a false impression 
of their actual width. 

The appearance of the thecas varies very much with preservation. They are 
comparatively rarely presented in true profile view ; when so presented, however, 
while a marked sigmoid curve is characteristic of the line of the ventral wall, the 
free edge is practically straight. Each theca starts from the inner part of the 
theca lying next below, and almost at once grows outward and upward, so that 
the greater part of its ventral wall is free ; the amount of overlap is approximately 
one-third, or rather less. The thecae are, however, often preserved in sub- 
scalariform view, when the aperture is seen to be elliptical in outline. In 
profile view the thecal apertures are markedly alternate in their arrangement, 
particularly so at the proximal end. The septum is complete on the obverse side, 
but possibly incomplete at the extreme proximal end on the reverse side. 

Affinities. — The presence of the basal spines, the characters of the thecae, and 
the tapering of the polypary in a proximal direction are characteristics which 
serve to separate Gl. hiconiis from other Glimacograptl. 

Hoinzon ami Localities. — ^Upper Glenkiln and Hartfell Shales. 

S. Scotland : Dobb's Linn ; Hartfell ; Kirkhill, Wanlock Head ; Berrybush 
Bum ; Black Linn ; Glenkiln Burn ; Craighead ; Laggan Gill ; S. of Ardwell ; 
Penwhapple Glen, etc. Wales : Tiddyndicwm ; Derwendeg ; Ty Fry ; Prendergast 
Farm, Haverfordwest; Railway Pendwr, S. Bletherston; near Builth, etc. 
Ireland : Tinnaclough, Co. Wexford. 

Associates^ etc. — Gl. hiconiis is an exceedingly abundant fossil in the Glenkiln 
and Lower Hartfell Shales. In the Glenkiln Shales it occurs in the Nernag. 
gracilis zone associated with N. gracilis^ Dicellog. se^vtanSj and Glinmcog. Scliarenhergi; 
in the immediately overlying zone of Dicellog. patulosiis it occurs with Gl. peltifer 
and the zone fossil; while in the Lower Hartfell Shales it abounds in the 
Gl. WUsoni zone, associated with GL Wilsoniy Gl. Scliarenhergi^ and Dicranog. 
Nicholsoni. Some individuals are mot witli in the higher zone of Dicranog. 
Gliiiganii associated with D. Glingani, Dicellog, Morrisi^ Dicranog. ramosns^ and 
Leptog. flaccidus. 

GoUectioihs. — Geological Survey of Scotland, Sedgwick Museum, Lapworth, and 
Authors. 

Var. tridentatiis, Lapworth. Plate XXVI, figs. 9 a — c. 

1876. Climacograptus hiconiis^ var. tridentatusy Lapworth, Cat. West Scot. Fosr., pi. ii, fig. 62. 

1877. Climacograptus hicornis, var. tridentatuSy Lapworth, Grap. Co. Down, p. 139, pi. vi, fig. 38 c. 

There is a well-marked variety of Gl. hicornis in which the virgella is so 
developed that it constitutes a third long basal spine ; it is often fully 2 mm. in 
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length. In other respects this form agrees with the typical species. A membrane 
frequently surrounds each spine, giving to all an appearance of greater width 
than they naturally possess. 

Hoiizon and Localities. — Upper Glenkiln and Lower Hartfell Shales. 

S. Scotland : Hartfell ; Dobb's Linn ; Wanlock Water, etc. Wales : Ty Fry, 
near Portmadoc. Ireland: Ballygrot. 

Associates^ etc. — Var. tridentahcs is a somewhat rare fossil in the Glenkiln 
Shales (zone of Die ell og. patvlosus)^ where it occurs associated with CI. bicoimisy 
01. peltifeVy 01. Schareiibergi. It also occurs in the succeeding Lower Hartfell 
Shales (zone of 01. Wilsani)^ associated with 01. Wilsoiii and Dicranog. Nicholsoni. 

Oollections. — Lapworth and the Authors. 



Var. peltifer, Lapworth. Plate XXVI, figs. 10 a — c. 

1876. Olimacograptus hicornis, var. peltifer, Lapworth, Cat. West Scot. Foss., pi. ii, fig. 53. 

1877. Climacograpius hicornis, var. pdiifer, Lapworth, Grap. Co. Down, Proc. Belfast Nat. Field 
Club, p. 139, pi. vi, fig. 38 b, 

A common variety of 01. hicomis is one in which the membrane surrounding 
the basal spines has developed to such an extent as to envelop the entire proximal 
end of the polypary in a triangular disc. The spines form the proximal termina- 
tion of the disc, which thence extends upward for a distance of 4 — 5 mm. The 
thecBB agree in most particulars with those of 01. hicatmis (though the apertural 
excavations are somewhat smaller, occupying one-fifth of the breadth of polypary 
as compared with one-fourth in the typical form) ; the form of the polypary is 
also similar. 

Hoi'izon and Localities. — ^Upper Glenkiln Shales (zone of Dicellog. patuhsxis). 

S. Scotland : Dobb's Linn ; Hartfell, etc. Wales : Tiddyndicwm. Ireland : 
Ballygrot; Coalpit Bay. 

Associates J etc. — ^Var. peltifer is a fairly abundant fossil in the Moffat country in 
the highest beds of the Glenkiln Shales immediately below the zone of 01. Wilsoni ; 
with Dicellog. patulosus in most places marking a clearly recognisable zone. It is 
commonly associated with 01. hicomis ^ 01. Scharenhergiy and 01. (?) yei^excavatus. 

Oolleclions. — Lapworth and the Authors ; Fearnsides. 



ClimacograptuB supemus, sp. nov. Plate XXVI, figs. 11 a — d. 

Polypary small, 1 — 2 cm. in length, widening somewhat rapidly from about 
0*5 mm. to a maximum breadth of 1*2 mm., which is thereafter maintained. 
Sicula about 1 mm. in length ; virgella short and robust. Thecse of the 
general hicomis type, fourteen to twelve in 10 mm. 
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DescHption. — The polypary is generally small, the increase in breadth takes 

place within 5 mm. of the proximal end, but it is noticeable that the polypary 

FiGB,i^a-d.^ciimacograptu,Buper. IS oftcn sHghtly widcF at its oxtrcme proximal 

ntt»,8p. no7. gj^^ ^jjg^^ j^. jg opposite the apertures of th. 2^ and 

th. 2^, a fact which seems to be accounted for by 

the presence of the sicula, which is broad at its 

aperture, but tapers quickly in its apical region. 

The sicula is commonly situated somewhat 
obliquely, and is often visible for only 0*5 mm. of its 
extent ; th. 1^ originates at the top of the visible 
portion, grows downward and then upward, giving 
off a slender spine about 1 mm. in length from the 
base of the upward growing portion ; th. 1^ grows 
somewhat obliquely upward and outward from th. V, 
originating a similar spine from the base of its 
upward growing portion. The virgella usually 
appears as a medial excrescence between them. 
Occasionally the whole proximal end appears to be 
enveloped in a disc. 

Affinities. — In its general form and the characters 
of the thecae, and above all in the presence of the 
basal spines, GLsupemtLshears obvious resemblance to 
Gl. biconiis ; it is, however, a much smaller form, is narrower, and has the thecae 
more closely set, its spines are also more slender than those of CL hicornis ; it is, 
however, not impossible that it is the dwarfed survival of that species. 

Horizon and Locality. — Upper Hartfell Shales (confined to zone of Dicellog. 
anceps). 

8. Scotland. — Dobb's Linn ; Hartfell, etc. 

Associates^ etc. — Gl. supernus is a fairly common fossil in the Dicellog. anceps 
zone, especially at Dobb's Linn, where it occurs on the same slabs as D. anceps. 
Gollection. — The Authors. 



o. Proximal end, obverse view, showing 
small virgella. Enlargement of 
part of PI. XXVI, fig. 11 b. 

h, Beverse view, showing long spines. 
Dobb's Linn, Upper Hartfell Shales 
(sone of Dicellog. anceps). Coll. 
Wood. 

c. Obverse view, showing sicula. Ibid. 

Coll. Elles. 

d. Small specimen, with proximal end 

enclos^ in a small disc. On same 
slab as fig. 129 e. 



Climacograptus Wilsoni, Lapworth. Plate XXVI, figs. 12 a — d. 

1876. Climacograptus Wilsoni, Lapworth, Cat. West Scot. Foss., pi. ii, fig. 46. 

1877. Climacograptus Wilsoni, Lapworth, Grap. Co. Down, Proc. Belfast Nat. Field Club, p. 140, 
pi. vi, fig. 40. 

Polypary 2 — 6 cm. or more in length, increasing gradually in breadth up to a 
maximum of 2*5 mm., which is then maintained up to the distal extremity. 
Sicula 2'5 mm. in length, proximal end commonly furnished with a con- 
spicuous vesicle of elliptical form. Thecae twelve to eight in 10 mm., 
overlapping one-third to one-half their length, with slightly curved sub- 

26 
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Piaa. 128 a and h7—Clifnaeographis WUsoni, Lapw. 
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perpendicular free wall ; apertural margin horizontal, situated in semi- 
circular excavations occupying one-fourth the width of the polypary and 
one-fourth of the ventral margin. 
Desciiption. — The polypary often attains the considerable length of 5 or 6 cm. 
or more ; it is usually 1mm. wide at its origin, but may increase gradually up to a 

maximum breadth of 2*5 mm. ; this is 
only rarely attained in the largest speci- 
mens, an average breadth of 2 mm. being 
of commoner occurrence. The sides of 
the polypary are subparallel, except at 
the proximal end. In the obverse aspect of 
the adult the sicula is visible for 2*5 of 
its length, and is entirely free in its 
apertural region for fully 1 mm ; the 
apical region tends to be more or less 
completely concealed by the growth of 
th. 3' and th. 3-. Th. 1* originates from 
the sicula fully 2 mm. above its aperture, 
and grows at first downward, partly em- 
bracing the left side of the sicula ; it then 
l)ends abruptly round and grows outward 
and upward for a distance of about 
A spinous outgrowth from the thecal wall of th. 1' V)elow its aperture may 
also occasionally be seen. Th. 1- shows a similar outgrowth. The apertural part 
of th. r- is all that is visible in this aspect, since its initial portion (crossing canal) 

is concealed by the sicula. Th. 2' seems to develop 
from the V)ack of th. 1^ and grow behind the sicula; 
th. 2'* grows similarly from the back of th. 2* ; and 
th. 3' appears to grow from the front of th. 2*, 
thereby concealing part of the apex of the sicula. 
At this stage the septum appears; thus it happens 
that in the fully developed polypary the aj>ex of 
the sicula is conceaUHl, although in younger stages 
of gn>wth it is as a rule completely visible. 

In the rerrrsf' nspert the alternate development 

of the earliest tluH*je can \>e clearly made out. The 

early gn>wth of th. 1- is approximately horizontal 

in diiiH^tioii; but ultimately it grows outwanl and 

upwanl. Th. 2* is also horizontal at first, but th. 2- gi-ows at once outward and 

upwanl. The septum now ap|H\\i*s, and in sul>SiM|uently develo|HHl thecje the growth 

is lii-st upwanK then slightly outwanl, and finally ag;iin upwanl. 



Spocimcn showinfif proximal oml in relief, obverse 
view. NoU» largt^ sicula and orig^in of sac. Dobb's 
Linn. Lower ILirtfell Sbales. Con. Wootl, 

Rovi^rso view, showing spines on Itasal theoie ; sac 
distorUnl. Ibid. Coll. Elles. 



0*5 mm. 



Pio. 12S f. 



ClimacogrtiplHs IFi/soni, 
Lapw. 




I>istal th*va\ lM»b*s Linn. Li>\ver 
Hiu-tfoll 8h.-\W. Coll. WiHHi. 
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In GL WiUoni the thecae number twelve to eight in 10 mm., they have an 
average length of 2 mm., and overlap one-third to one-half their extent; the free 
part of the outer wall tends to curve slightly inward ; the apertural margins are 
approximately horizontal and are situated in semicircular excavations occupying 
about one-fourth of the entire width of the polypary, though they frequently appear 
somewhat wider when the polypary is compressed from the side. The character- 
istic feature of GL Wilsoui is certainly the presence of the sac or vesicle at the 
proximal end ; this appeals to originate as an expansion of a membrane surround- 
ing the sicula, which in this species projects from the main body of the polypary 
to an extraordinary degree. This sac is commonly elliptical in form, and may 
measure 10 by 5 mm. (smaller ones are of frequent occurrence), it varies greatly 
in shape under compression, and is often merely a flattened irregular-shaped body. 

Affinities. — The only other known Glimacograplas furnished with a sac at the 
proximal end is GL antuinas var. harsifet\ but the sac is mucli closer to the poly- 
pary in GL IVilsmn and the characters of the thecae are different. 

Horizon and Localities. — Lower Hart fell Shales (zone of GL Wilsoni). 

8. Scotland : Dobb's Linn ; Hartfell ; Glenkiln Burn ; Black Linn ; Moory 
Syke, etc., etc. 

Associates^ etc. — GL Wilsoni occurs in great numbers in S. Scotland at the base 
of the Hartfell Shales, where it marks a well-defined zone. It is commonly asso- 
ciated with GL bicornis, GL Schareuhergi^ Dicranog. Nicholsoni. 

GollectiotLS. — Geological Survey of Scotland, Lapworth, and the'Authors. 

Var. tubularis, var. nov. Phite XXVI, fig. 1 3. 

Fio. v2Q.-ciimacograpt^ wiUoni, var. There aro souic foHus of GL WUsoiu ill whicli 

tubutarxs, nov. 

no sac is developed but in which there occurs a 
p ;/ proximal elongated tube similar to that seen in 

f\;^v GL catidatus. These seem to constitute a distinct 

U ; variety. The characters of the theca3 are similar to 

those of GL Wilsoni itself. 

Horizon^ Localities, etc. — Those of the typical form. 

Proximal enil, showing sicula and com- in* t i 

mencement of the tube. On samo CifllecttOil. LapWOrtll. 

slab as PL XXVI, fig. 13. 

GUOUP 11. 

Glimacograpti in which the free edge of the theca is slightly inclined, and the 
apertural margin somewhat introverted. 

Climacograptus antiquus, Lapworth. Phite XXVII, figs. 4 a — e. 

1873. Climacograptus antujuus, Lapworth, Geol. Mag., vol. x, p. 134. 

1876. Climacograptus coelatuSy Lapwoitb, Cat. West Scott. Foss., pi. ii, lig. 56. 
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1877. Climacograpiu8 ccelatua, Lapworth, Grap. Co. Down, pi. vi, fig. 39. 

1886. ClimacograptVr8 ccekUus, Lapworth, Trans. Roy. Soc. Canada, sect, iv, p. 167. 



Figs. 130 a and h. — Climaeograptu 
aniiquus^ Lapw. 



t/ 



fll^ 




^ Typical specimen showing basal 
spines and long virgoUa, surrounded 
partially by a membrane. On same 
slab as PI. XXVII, fig 4 a. 

. Proximal end showing stout tubular 
spines. Enlargement of part of 
PI. XXVII, fig. 4 d. 

Figs. 130 c and d. — Climacograptus 
antiquus, Lapw. 




Distal thecae showing their typical 
form. Enlargement of part of PL 
XXVII, fig. 4 d. 

Distal part of polypary showing 
growths on the distal prolongation 
of the virgula. Oak Wood, Pontes- 
ford. Coll. Lapworth. 



Polypary 3—5 cm. long, with an approximately 
uniform width of 2*5 mm. for the greater part 
of its length. Sicula imbedded, virgella long ; 
virgula conspicuous and of considerable 
length. Thecae eleven to nine in 10 mm., 
basal ones with spines, length 1*5 mm., over- 
lap one-third, apertural margins slightly 
introverted, situated in conspicuous elliptical 
excavations occupying one-fourth to one- 
fifth of the breadth of polypary and one- 
third of its ventral margin. 
Descnption. — The proximal end is rounded, and 
the polypary measures 1 mm. in breadth, widening, 
however, to 2*5 mm. within the first cm. of its 
extent. The virgella is occasionally partly enclosed 
within a membranous tube similar to that found in 
GL caiidatuSj but the proximal tapering of the 
polypary so noticeable in that species is here absent. 
The two proximal thecae occasionally bear a stout 
spine in the middle of the free straight part of the 
outer wall. 

Affinities, — GL antiqmcs recalls GL (?) ccelxitxis in 
many respects, especially as regards its general 
form, but it differs in the characters of its thecae. 

Hoiizoii amd Localities. — Glenkiln Shales. Llan- 
deilo. 

N. Wales : Ty-Obry ; Tiddyndicwm. 8. Scot^ 
kiiid' : Dobb's Linn ; Glenkiln Bum ; Craigmichan 
Scaurs ; Berrybush Burn ; Kirkmichael Bum ; 
Black Linn ; Penwhapple Glen. N. Ireland : 
Ballygrot ; Coalpit Bay. S. Shropshire : Oakwood, 
Pontesford. 

Associates J etc. — GL antiquus occurs in the Glen- 
kiln Shales associated with Didymog. superstes and 
GL (?) perexcavatus. 

The best specimens (including the type) are in 
Lapworth's Collection. 
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Var. bursifer, var. nov. Plate XXVII, figs. 6 a — d. 



FiOB. 131 a and h, — Climaeograptug 
aniiquu$, yar. hurtifer, notr. 




a. Proximal end showing disc. Enlarge- 
ment of part of PI. XXVII, fig. 6 e. 

h. Distal thecsD. Enlargement of j^rt of 
specimen on same slab as fig. 134 a. 



A variety of Gl. antiqutis which is occasionally 
met with in the Glenkiln Shales differs from the 
typical form in possessing more closely-set thec8B, 
and in having the membrane connected with the 
proximal tube swollen out into a sac at some distance 
J from the polypary. 

The thecaB number fourteen to twelve in 10 mm. 
and have their ventral walls distinctly inclined ; the 
sac is fully G mm. below the sicula. 

Affinities. — Var. Imrsifer presents obvious resem- 
blances to CI. Wilsoniy but differs (1) in having the 
sac at a greater distance from the polypary and 
(2) in the characters of the thec8B, whose ventral 
walls are more inclined and the apertures more 
introverted. 

Horizon and Localities. — Glenkiln Shales and 
their equivalents. 

S. Scotlaiul : Kirkmichael Bum. Wales : Tid- 
dyndicwm. 

Associates^ etc. — Those of the typical form. 

Collections. — Lapworth and Fearnsides. 



Var. lineatuSy var. nov. Plate XXVII, figs. 5 a—f. 



Fios. 132 a, h, and e. — Cliniaeograptv 
antiqu%u, Tar. lineatut, noy. 





a. Proximal end showing basal spines. 
Enlargement of part of PI. XXVU, 
fig. 6 a. 

^ Di^al theca, showing profile of exca- 
vations. Enlargement of part of PI. 
XXVII, fig. 5 6. 

CW Distal thecflB. Enlargement of part 
of ipeoimen on same slab as PI. 
XXVn^fig. 5e. 



Another variety of CI. antiquuSy which occurs 
at a slightly higher horizon than the typical form 
and is characterised by its extreme length, may be 
appropriately distinguished as var. liiieatus. In 
this variety the polypary may have a length of 
8 cm. but never exceeds 2 mm. in breadth ; 
the thecae are rather more distant than in the 
typical form, numbering only eight to nine in 10 
mm. ; in other particulars they agree with those 
of CI. antiquus itself. 

Hoi'lzon and Localities. — Upper Glenkiln 
Shales and Lower Hartfell Shales. 

S. Scotland : Craigmichan Scaurs. Wales : 
Llanystwmdwy ; Conway; Spittal Eoad Cutting. 

ColU'ctions. — Fearnsides ; Sedgwick Museum. 



limacogT&plu^s caudatus, Lapworth. Plate XXVII, figs. 7 a — r. 

1876. Climacograptua caudalus, Lapworth, Cat. West Scott. Foss., pi. ii, fig. 48. 

1877. Climacograptus scalaris var. caudatuSy Lapworth, Grapt. Co. Down, p. 138, pi. vi, fig. 34. 



Fios. 133 a and h. — ClitnacoQraptus 
caudatus, Lapw. 



Figs. 



Polypary 2 — 6 cm. or more in length exclusive of the virgellar prolongation, 
widening gradually from its proximal end to a maximum breadth of about 

2 — 2*5 mm., which is then maintained to the 
distal extremity. Sicula obscure, virgella 
1 — 3 cm. or more in length ; virgula con- 
siderably prolonged. Thecal twelve to nine 
in 10 mm., free outer edge curved, slightly 
inclined. Apertural margin horizontal or in- 
troverted ; situated in excavations occupying 
one-fourth the width of the stipe and one- 
third of its ventral margin. 
Desciiption. — In the distal region of the polypary 
the margins are parallel, but proximally they very 
markedly approximate, the maximum width being 
attiiined at a distance of about 2*5 cm. from the 
proximal end. The proximal prolongation of the 
virgella is veiy striking and characteristic, being 
1 — 3 cm. or more in length ; close to the polypary it is 
frequently surrounded by a membranous body with 
a length of 3 mm. to 1'3 cm.; this is clearly not a 
part of the true polypary, though it sometimes 
appears like a prolongation of it ; probably the whole 
sicula was once surrounded by a membrane as in 
GL Wilsoui. The sicula does not appear to be free 
on either side for any part of its length. 

The septum seems to be complete thi'oughout 
the entire extent of the polypary. The free outer 
edges of the distal thecae in this species are distinctly 
inclined, and point in the direction of those of 
Diplograptus. 

Affinities. — GL catulatus bears a superficial 
resemblance to the Birkhill forms 0/. Toiiiquisli 
and GL medius in the long extension of the virgella ; 
from these it may, however, be distinguished by 



Proximal «nd, showing long tubu- 
like virgellA surrounded partially 
by a membrane. Enlargement of 
part of specimen on same slab as 
VI XXVII, fig. 7 e. 

Ditto. Enlargement of part of speci- 
men on same slab as PI. XXVII, 
fig. 7 6. 



133 c and d. — Climacograpttis 
caudatus, Lapw. 



f^^ 





Distal thecsB seen in profile yiewr. 

Enlargement of part of specimen 

in same slab as PI. XXVII, fig. 7 h. 
Distal thecae in sub-scalariform view. 

Enlargement of another specimen 

on same slab. 
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the character of the thecae and its complete septum. There is also a great 
diflference in size, GL candatus being a much larger form than either of these 
species. 

Horizon and Localities. — Hartfell Shales (zone of B. Gliiigani). 

8. Scotland. : Dobb's Linn ; Hartfell Spa ; Glenkiln Burn ; Black Linn ; Pied- 
mont Glen ; Ardwell Farm ; Penwhapplo Glen ; Tralodden. Ireland : Ballygrot. 

Associate-H^ etc. — GL caiuiatiis is a fairly abundant fossil in the zone cf Dicraiwg. 
Gliiigani in S. Scotland; it occurs in association with the zone fossil and 
Dicelhg. Morrisi. 

Gollections. — Sedgwick Museum, Lapworbh, and the Authors. 



Climacograptus tubulifems, Lapworth. Plate XXVII, figs. 8 a—d. 

1876. OUma^cograptm tuhuli/erm, Lapworfch, Cat. West Soot. Foss., pi. ii, fig. 49. 

1877. Climacograptus scalaria var. tubulifenut, Lapworth, Grap. Co. Down, p. 138, pi. vi, Rg. 33. 

Polypary 8 — 6 cm. or more in length, increasing in width very gradually from 
0*7 mm. at the proximal end to a maximum of 2'5 mm., which is thereafter 
maintained. Sicula visible for about 1 mm. of length, virgella very robust, 
often 4 mm. long. Thecae twelve to eight in 10 mm., free edge straight 
or slightly curved in profile view, apertural margins slightly introverted, 
lying within semicircular excavations which occupy about one-fourth to one- 
sixth the width of the polypary. Virgula conspicuous, flattened, distally 
prolonged for 3 cm. or more, often enclosed within a membranous tube or 
vesicle. 

Descnption. — The polypary is often of consider- 
Pws. 134 a and h. -Ciimatograptuf^ r^\^\^ extent; the iiicreasc in width from 07 mm. to 

2*5 mm. extends over a length of 8 cm., so that 
IJL?/ smaller specimens naturally appear to widen through- 

o^y out their length. Lapworth states that the polypary 

^1 has parallel margins, but this is only true of the 

- M distal i)arts of long specimens. The virgula is pro- 

Ij \P longed for 3 cm. or more beyond the distal ex- 

r tremity of the polypary, and is commonly enclosed 

* ^ within a long narrow flattened or tubular vesicle; 

o. Typical form of proximal ond, show- i . • i. i 

ing rod-like virgella. Eniarj^emont tliis IS frequently ouly visiblc wheu it Icavcs the 

of part of specimen on sauio slab aa i • i i n i . 

PI. xxvii. fij?8. 8 a, 6, d. polypary, but in other cases the presence of this 

h. Keverae view. Belcraig Bum, Hart- ij.iii ^ ■% -i-i ^ 

fell Shales. Coll. Woo<i. tlattenetl plate can be made out within the polypary 

itself. 
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The siciila is visible for about 1 mm. of its length. Th. 1^ originates at 
a point about 0*5 mm. above its aperture, and grows down to the level of the 
aperture, and then upward and outward, so that the aperture is on a level with 
tlie point of origin ; th. 1* grows horizontally across the back of the sicula, which 

is thus scarcely visible in the reverse aspect of the 
Fio,\Ue,^ciinuicograptu$tvhMi\f€ruM, polypary. Short spiucs arising from the outer 

walls of th. 1* and th. l^ just below their apertures 

are occasionally visible. 

The thecae have an average length of 2 mm. in 

the distal portions of the polypary, but in the 

proximal region they do not exceed 1 mm. in 

extent; the overlap is approximately one-third. 

The apertural margins, when seen in true profile, 
* occupy one-fourth of the breadth of the polypary 

t. Oi«ui thoo», EnUi^ment of part at the proximal end, but distally only about 

of spocdin^ii on aame alab m Fig. . 

lae «. one-Sixth. 

Affinities. — The very gradual increase in width 
and the bnnul flatt4>nod virgular tube constitute the characteristic features whereby 
CL tHhulijWii^ may be separated from any other known form of Climacograptus. 

Horizon ami lAKalities. — Lower Hartfell Shales (zones of Dicranog. Clingani 
and Vl^Htrog. linearis). 

S. Scotland: Dobb*8 Linn; Hartfell Spa; Belcraig Bum; Mount Benger 
Burn; Whitohouse, Anlmillau Shore; Myoch Bay. Ireland: Carnalea. 

J.^^H*irtf^*S etc. — CL tnlntlifems is a fairly common fossil in the zone of Fleurog. 
/•MfNiriV of S. Scotland, but it is rare in the zone of Dicram^g. Clingani. It is 
gt^norally found in association with Ple^irog. linean;^ and ^7. stjfloittens. 

Ci^ltYtions. — Sixlgwick Museum, Lapworth, and the Authors. 



ClimMOcrmptiiB latus^ sp. nov, Plait^ XXVII, fig. o a—h. 

IVlvj^^rv from - to 8 cm. or more in length, widening quickly from 1 mm. at 
it$ origin to 2 mm.* and then morv gradiudly till the maximum of 2'o mm. 
is attaiueil. Sicula vi^aWo for 0\> mm. of length. Virgella 1 mm. in extent, 
Thiva^ thirteen to ten in \k> mm., l>ac>al ones aiiorneil with spiness markedly 
altornate at pnxximal end. frw e\igv^ slightly inclined, average length 
V5 mm., OYorlapping half of it ; ajvrtunU margin slightly intn^verted, lying 
within dtvp and apprv^ximatelv s^^mioirv^ular exo;siv^tions which occupy one- 
fourth to oiH^fifth of the brvculth of the ivlv:\arv. 
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FiOB. 138 a and h. — Cliwuicograplus sty- 
Mdeut^ Lapw. MS. 





basal thecsB may give off spines from their free 
outer walls, these are but rarely seen. The virgula 
is sometimes expanded into a small disc towards its 
apical extremity; but at varying lengths from the 
distal end of the polypary. The width of the speci- 
mens varies with the mode of presentation; as a 
rule 2 — 2*5 nmi. is the maximum in those which 
show only a scalarif orm view, but in those presented 
in true profile 3 nmi. may be measured, though this 
greater width may be partly due to compression. 
The excavations, which appear as narrow elliptical 
slits, are very conspicuous in all states of preserva- 
tion, and are invariably slightly oblique and inclined 
downward and inward. 

Affinities. — CL styloideus is characterised by its 
relatively small breadth in comparison with its 
length and by the form of the proximal end. It 
presents a certain resemblance in size and form to 
CI. Scharenbergi, but may be readily separated from 
well-preserved specimens of that graptolite by the 
absence of the zig-zag septal groove. 

Horizon and Localities. — Hartfell Shales (zone of 
Plenrog. linearis). 

8. Scotland : Dobb's Linn ; Hartfell ; Glenkiln ; 
Craigmichan Scaurs. 
Associates^ etc. — Gl. styloideus is confined to the Hartfell Shales ; it is a rare 
fossil in the zone of Pleurog. linearis^ and occurs associated with the zone fossil. 
Collect ion . — Lap worth . 



Proximal end* showini^ TirgeDa. En- 
largement of part of specimen on 
same slab as PL XXVII, fig. 9 e. 

Proximal end, showing Tarioos as- 
pects of the thece. Enlargement 
of part <^ specimen on same slab as 
PLXXVn,fig.9a. 



Fio. 



138 c. ~ Climacog rapttu styloideus, 
Lapw. MS. 




c. Distal thec«. Enlargement of part 
of PL XXVII, fig. 9 d. 



Group III. 

Clvnacograpti in which the free edge of the theca is practically straight and 
vertical, and the apertural margin slightly introverted and introtorted. 



dimacograptus Scharenbergi, Lap worth. Plate XXVII, figs. 14 a- 



1851. Prionotus, Boeck, Bemaerkninger angaaende Graptolitherne, pi. i, figs. 3, 10, 15, 18. 
1851. Graptolithui {Dtpto^rapsui) teretiuteulut, Scharenbeig, Ueber Graptoliten, pi. ii, figs. 23 a, 
24 a, 25 a, 31 a. 
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1852. Diplograj^Bus teretivrsculus, Salter, Quart. Joum. Qeol, Soc., vol. viii, pi. xxi, fig. 3 d, 
1876. Biplograptus derUaius, Hopkinson, Quart. Joum. Geol. Soc., vol. xxxi, pi. xxiv, fig. 6 a. 

1876. Olimaeograptus Scharenhergi, Lapworth, Cat. West Scot. Fobs., pi. ii, fig. 55. 

1877. Climaeograptus Scharenhergi, Lapworth, Proc. Belfast Nat. Field Club, p. 188, pi. vi, 
fig. 86. 

1898. Climaeograptus Scharenhergi, Elles, Quart. Joum. Qeol. Soc., vol. liv, p. 519. 



Fias. 



139 a to e. — Climctcograpixu 
Seharenhergi, Lapw. 



Polypary 1 tx) 4 cm. in length, widening almost at once to a maximum width of 
about 1*5 mm., and maintaining this breadth almost to its distal extremity. 
Sicula 0*5 mm. in length with robust virgella. Septal groove well-marked, 
conspicuously zig-zag in form. Thecae fourteen to eleven in 10 mm., 
markedly alternate, short, overlapping one-third to one-fourth their length, 
and having their distal extremities very slightly introverted and introtorted; 
apertural margins situated in wide and deep excavations occupying one- 
fourth of the ventral margin of the polypary and about one-third of its 
width. 
Description. — The specimens vary greatly in length, but all have an average 
width of 1'5 mm. The breadth at the proximal end is 0*6 mm., but the increase 
takes place so rapidly that the maximum width is attained at a distance of 6 mm. 
from the proximal end. 

In the obverse vlevj of the polypary the sicula is 
only visible in part in mature specimens, its apical 
region being imbedded apparently as a result of the 
growth of th. 2* across it in front; judging, how- 
ever, from young specimens, it must have measured 
fully 1 mm. in length. Th. 1^ appears to originate 
5 mm. above the aperture of the sicula and grows 
downw.ard to the level of the aperture, then bending 
round abruptly, grows upward and outward; from 
it there is developed th. 1*, which in its initial region 
crosses the sicula obliquely, leaving it free for a 
short distance on the right side. Th. 2^ is developed 
fromth. P, and from th. 2^ two thecae grow, namely 
th. 2^ and th. 3^ ; at this point the septum makes its 
appearance, but in the obverse aspect it is seen 
earlier. 
In the reverse view of the polypary the mode of origin of the thecaB is clearly 
seen, and in some specimens the base of the sicula is visible, but in others it is 
obscured by the stout virgella, which may exceed 1 mm. in length. 

The septal groove is distinctly angulated, running in short zig-zags from side 
to side. From the outer part of each angulation proceeds a short horizontal 
groove continuous with that of the septal groove itself. 



a. Obverse view, showing sicula. Dobb's 
Linn, Lower Hartfell Shales (zone 
of CI. WUsoni). CoU. Wood. 

6. Reverse (?) view, in relief, showing 
septal groove and long virgella. 
Ibid. 

c. Reverse view, specimen showing very 
stout rod-like virgella. Ibid. 
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The thecae are highly characteristic (see Fig. 116), exhibiting a well-marked 
sigmoid curvature which is most sudden in its central part, and having their 
apertural margin slightly introverted. They grow at first upward, then bend 
outward almost at right angles, and finally turn upward at right angles, appearing to 
undergo a certain amount of torsion in the process. They are markedly alternate. 
The apertural margins are situated in wide, deep excavations which occupy about 
one-third the width of the polypary in the distal region, but rather less proximally. 

The virgula may be distally prolonged for a distance of from 2 to 3 cm. When 
compressed the characteristic zig-zag septal groove is often indiscernible. In 
the scalariform view the thecal present few of their characteristic features ; there 
remain, therefore, only the general outline with its sub-parallel sides and the 
character of the proximal end for purposes of identification. 

Affinities. — The zig-zag septal groove is highly characteristic; it is found in two 
other species, 01. Hu4jhe.n and GL extrcmivs^ but these are both more diminutive 
species in every way. The shape of the proximal end and the characters of the 
thecal are sufficient to distinguish the form when well preserved. 

Horizon and Localities. — Upper Arenig (zone of Didymog. hifidus) to Lower 
Hartfell (zone of Gl. Wilsoni). 

S. Scotland: Dobb's Linn; Hartfell; Glenkiln Burn; Craigmichan Scaurs; 
Black Linn ; Balclatchie Bridge ; Laggan Gill ; Penwhapple Glen, etc. Wales : 
Tiddyndicwm ; Pont Seiont ; Llanvirn ; Porth Hayog, Ramsey Island. Lake 
District : Thornship Beck, heland : Bally grot ; Craigavad ; Coalpit Bay. 

Associates^ etc. — Gl. Scharenbergi has a fairly long range in time, from the 
Upper Arenig to the Lower Hartfell, but it is very rare in rocks of Upper Arenig 
age. It seems to attain its maximum in individuals in the Upper Glenkiln Shales 
and Lowest Hartfell Shales of S. Scotland. 

» In the Upper Arenig rocks of Pont Seiont and Porth Hayog it occurs asso- 
ciated with Didymog. hifidus and Gl. (?) confertus ; in the Glenkiln Shales its com- 
panions are Nenwg. gracilis^ Dicellog. sextans, and Gl. hiconus, and in the Lowest 
Hartfells it occurs with Gl. Wilsoni, GL hicornisy and Dicranog. Nicliolsoni. 

Gollections. — Sedgwick Museum, Lapworth, and the Authors. 

Climacograptus Hughesi (Nicholson). Plate XXVII, figs. 11 a — e. 

1863. Diplograpsus teretiusculus, Richter, Zeitschr. d. deutscL. geol. Oesell., vol. v, p. 456, pi. xii, 

figs. 11—13. 
1869. Diplograpsus Hughesiy Nicholson, Ann. Mag. Nat. Hist., ser. 4, vol. iv, p. 234. 
1871. Diplograptus terdivsciUtis, Richter, Zeitschr. d. deutsch. geol. Gesell., vol. xxiii, pi. v, figs. 5 — 7. 
1876. Non Diplograjdus Hughesi, Lapworth, Cat. West Scot. Foss., pi. ii, tig. 37. 
1882. Clirtmcographis undulutus, Kurck, G^eol. Poren. i. Stockh. Forhandl., vol. vi, p. 303, pi. xiv, 

fig. 11. 
1890. Climacograptus internexus, Tcirnquist, Siljansomr. Graptol. I, Acta Univ. Lund., vol. xxiv, 

p. 26, pi. ii, figs. 8, 9. 
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1893. Climacograpius intemexus, Tornquist, Struct. Dipriouidse, Acta XJniy. Lund., vol. xxix, p. 6, 

figs. 23—27. 
1897. Climacoijraplus undulutus, Turuquist, Acta Keg. Soc. Pliysiogr. Luud., vol. viii, p. 9, pi. i, figs. 

22-24. 



Fios. 140a— c- 



-Clinuicograptua Uugheai 
(Nich.). 



Polypary 5 — 10 mm. in length, having an average nniform breadth of rather 
less than 1 mm. for the greater part of its length but naiTovving slightly at 
the proximal end, which is rounded off. Sicula visible for fully 0*5 mm. of 
its length, situated obliquely, virgella short. ThecaB sixteen to twelve in 
10 mm., short tubes in contact for a small fraction of their length. Aper- 
tural margins introverted and introtorted, situated in apertural excavations 
occupying one-third the width of the ventral margin of the stipe and one- 
third the total width. Se})tum always undulating. 
Description. — GL HiujheHi resembles closely a minute GL Scharenber(jt\ and 
owing to the degree of introversion and in tro torsion of the thecse presents a very 

different appearance in the obverse and reverse 
aspects, and perhaps this is the reason that two 
species have been made out of this form. In the 
obverse aspect the sicula is visible for fully 0*5 mm. 
of its length, and is seen to be situated somewhat 
obliquely within the polypary. Th. 1^ originates 
midway along its visible length, and growing outward 
and upward has its aperture on a level with the apex 
of the sicula. 

In the reverse view the growth of the two 
earliest thecse entirely conceals the sicula except 
for a small fraction of the apertural region. The 
thecal walls, while generally rectangular, show often 
a degree of sinuosity in their free outer part, but in 
the apertural region they seem to have undergone 
some slight introtorsion, so that the apertures are 
all directed towards the obverse side ; this is only 
noticeable in specimens preserved in relief. When 
compressed the lower half of the apertural excava- 
tion may appear perpendicular or slightly oblique. 
Striae marking stages of growth can usually be 
detected. There is a certain amount of variation in 
breadth in different specimens, between 0*6 mm. and 
1 mm., but individuals are of uniform width through- 
out their whole extent. 

Affinities. — GL Hiujhesi resembles Gl crtremtis 
in the undulating nature of its septal groove, but 



h c 

a. Small but typical specimen in relief. 
Ambleside Skelgill Beds. One of 
Nicholson's original specimens. 
Brit. Mils. (Nat. Hist.). 

6. Compressed specimen in relief, ob- 
verse view, showing apical part of 
sictila. Enlargement of part of PI. 
XXVII. fig. 116. 

c. Well-presenred specimen, obverse 
view, showing sicula and origin of 
th. 1*. Twymyn River, near Llan- 
brynmair^ Dolgadfan Beds. Coll. 
Wood. 



Fig. 140 d. ■ 



- Clinutcograptua 
(Nich.). 



Hughesi 



d. Distal thecsB^ showing introversion 
and introtorsion of the apertural 
margins. Twymyn Kiver, Pennant, 
Dolgadfan Beds. CoU. Wood. 
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01. extremus is altogether a much smaller and narrower species. Gl. Hvghesi is the 
same form as that described by Kurck as CL undulatus ; he noticed its similarity, 
but thought it distinct. 

Hoinzon and Localities. — Birkhill Shales (zones of C. acuminatuSy D. vesicidosuSy 
M. gregarius and G. cometa). 

8. Scotland : Dobb's Linn. Lake District : Skelgill. Ireland : Coalpit Bay, 
Donaghadee. Wales : River Twymyn, near Llanbrynmair. 

Associates^ etc. — Gl. Hughesi is a fairly common fossil in the Lower Birkhill 
Shales. It occurs throughout the basal zones, but is most abundant in the 
zones of M. gregaiius and G. cmneta^ where it is found associated with M. gregaHicSy 
M. cyplmsy M. triang^datttSy G. cometa^ M, lohifemsj etc. 

Gollections. — Sedgwick Museum, British Museum (Natural History), Lapworth, 
and the Authors. 



Climacograptus extremusy H. Lapworth. Plate XXVII, figs. 13 a, b. 

1900. Climacograptus extremus, H. Lapworth, Quart. Joum. Geol, Soc., vol. Ivi, p. 134, figs. 22 a and 
22 B a — e. 

Polypary from 0*5 to 1 cm. in length, and with an average breadth of 0*5 mm., 
with rounded proximal end. Sicula and virgula unknown, virgella short. 
Thecaa regularly alternate, twenty to fifteen in 10 mm. Apertural margins 
small, introverted and introtorted, excavations occupying a small fraction 
of the total width of the polypary. Septum imdulating. 

Description. — The polypary may attain a length of over 1 cm., but smaller 

specimens with a length of about 5 mm. are of 

Fio8. 141 a — f . — Climacograptus extre- rm i» i i* i i 

mus, H. Lapw. commouer occurrence. The free edges of the thecaB 

may be vertical or strongly concave. 

^ The septal groove is a very characteristic feature ; 

C^ it runs from immediately below the aperture of one 

tv| theca to a corresponding position in the succeeding 

theca of the opposite series, and is gently imdulating 

h or sharply angulated according to the variation in 

Ono of type specimens, incomplete, oomnrps^ion 
Rhyd Uir Brook, Rhayader, Rhaya- Compression. 

worth '^'^ ^^*'^* ^''"' ^' ^^' J#wt<t>^?.— C/. extremus agrees with Gl. Hughesi 

Complete specimen in relief, reverse Jjj ^j^^ DOSSeSsioU of an Undulating Septum, and in 
view, showing form of thecffi and ^ o i 

septum. Enlargement of PI. oreneral characters of the thecae. From GL Hughesi^ 

XXVII, fig. 13 a. ° . / X . 

Fragment, reverse view. Same however, it may be Separated by (a) its smaller 

size, (b) the characters of the proximal end. 
Harizan and Locality. — Tarannon Shales (base of Rhayader Pale Shales). 
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Wales : Rhayader ; Pennant Valley. Lalce District : Skelgill (?). 

Associatesy etc. — 01. extr&tmis^ according to Dr. H. Lapworth, is the commonest 
fossil at the base of the Rhayader Pale Shales, where it is associated with M. 
crasstiSf M. parduSy and M. Bechi. The type specimens are in his collection. 



Climacograptus minutuSy Carruthors. Plate XXVII, figs. 12 a — c. 

1868. Climacograptus minutue, Carruthers, (Jeol. Mag., vol. v, p. 132, pi. v, figs. 10 a, h, 

Polypary less than 1 cm. in length, having a maximum width of 1 mm. 
attained by gradual widening from origin. Sicula visible for 0*5 mm. of 
its length, which is about 1 mm. Virgella slender but conspicuous, having 
a length of 1 mm. Virgula distally prolonged. Thecaa sixteen to twelve 
in 10 mm; alternate, having a length of about 1 mm. and overlapping for 
half their extent ; apertural margins situated in shallow sub-elliptical 
depressions occupying about one-third of the total width of the stipe. 

Description. — The polypary commonly measures about 6 or 8 mm. in length, 

and widens within the first 5 mm. to its maximum 

Fio. 142. — Climacograptus minu- •jii r-i •!.• i i j. n c% •! 

tu8. Can-. Width of 1 mm. ; it is only about 0*3 mm. wide near 

its origin. 

Details respecting the thecas are somewhat uncertain ; 
the free edge is straight and rectangular in profile 
Proximal end. Enlargement of ^icw, and the apcrtural margins are then horizontal, but 
xxvTi V" T2 a-^^ ^ ^^' ^^^^^ ^^^^ i^ ^"y other aspect they appear somewhat 

oblique. 
Affijiities. — The type specimens of Gl. minutus present a striking resemblance 
to compressed specimens of Gl. Hughesiy though in their unsatisfactory state of 
preservation it is not possible to state definitely that they are the same, and the 
species is therefore provisionally retained. 

Gl. minutus is closely allied to Gl. hvevis in point of size and in the general 
characters of the tliecas, but while in Gl. minutus the thecal apertures are alternate, 
in Gl. h^ev'is they are opposite and somewhat wider. 
Horizon and Localities. — Lower Birkhill Shales. 

8. Scotland : Dobb's Linn, Moffat ; Frenchland Burn. Lake District : Skelgill 
{Dimorphog. confertus zone). Ireland : Coalpit Bay, Donaghadee. 

Associates^ etc. — Gl. minutus is a rare fossil in the lower beds of the Birkhill 
Shales, where it occurs in association with Dimorphograptus Swanstoni^ a charac- 
teristic fossil of the zone of Diplog. vesiculosus. It also occurs in the Stockdale 
Shales {conf&i'tus zone) associated with Dimorpliog. Swaiustoni and the zone fossil. 
Carruthers' type specimens, from which the above description was drawn up, are 



212 BRITISH GRAPTOLITES. 

in tlie British Museum (Natural History). The best Irish specimens are in the 
Collection of the Belfast Naturalists' Field Club, while those from the Lake 
District were collected by Dr. J. E. Marr, and are now in the Sedgwick Museum. 



Group IV. 

CUmacograpfi in which the straight and vertical free edge of the theca is 
provided with a mesial spine, and the apertural margin tends to be slightly intro- 
verted. 



Climacograptns innotatus, Nicholson. Plate XXVII, figs. 10 a — e. 

1869. Climu4'(^ra'piu^ innoMus, Nicholson, Ann. Mag. Nat. Hist., ser. 4, vol. iv, p. 238, pi. xi, 
figs. 16, 17. 

1870. Climncograpius innotatns, Nicholson, Ann. Mag. Nat. Hist., ser. 4, vol. vi, p. 384. 

1876. Climacograptus inrwtatus, Lapworth, Cat. West Scot. Poss., pi. ii, fig. 54. 

1877. Climacographie innotatus, Lapworth, Grap. Co. Down, p. 140, pi. vi, fig. 37. 

Polypary small, 5 — 6 mm. in length, with a uniform average width of 1*5 mm. 
exclusive of the spines. Sicula 1 mm. in length, virgella short and fine. 
Thecae fourteen in 10 mm., short, about 1 mm. in length, in contact only. 
Apertural margins horizontal, opening within wide semicircular excavations, 
which are of the same extent as the free edge of each theca, from the mesial 
angle of which a short and conspicuous spine projects. 
Descrlpiinn. — The spined nature of the thecae is highly characteristic of this 

species, as is also its small size and uniformly narrow 
^'^'- ^''^ L^L)'^^^"'"''^''^ width. The sicula is small; it reaches to the level 

of the • aperture of th. P, the initial part of which 
,1^ crosses it obliquely, leaving it free on one side for a 

'^^L small fraction of its length. The virgula is often 

v't\ slightly prolonged distally. 

-X^j. Affinitirs, — In the spined nature of the thecae 

\^ the polypary shows undoubted affinities with the 

f^ I Lasiograptiy but in other respects the characters are 

a. Spoeimon showing typical form of thosc of a truc Clmacoqropfus^ from all SDCcies of 

the thccuj an<l thoir iiu>aial spines. , ' , * ^ 

lionjrLinn, Dobb's Linn; Birkhiii which, howevor, the preseucc of the spines is suffi- 

Shales (zone of Monog. gregarius). , t • • i • 

Coll. Eiies. ciont to distinguish it. 

h. Poorly preserved but complete* speci- tt • it I't* t t»' i i 'ti r«i t 

men showing portion of sicula and Jjortzoii and Locahues. — Lowcr liirkhill blialcs, 

virtfiila. On same slab as 1*1. p/^^i? * i i^ •! i tr 

XX VI I, fii?. 10 f. zones ot Uepnaloy. acuminatus^ JJ. vesicnlosnSy and M. 

gregarius. 
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S. Scotland: Dobb's Linn; Long Linn, Lockerbie; Thirlstane Burn. Ireland: 
Donaghadee. 

AssocmteSy etc. — Gl. innotatus is a fairly abundant fossil in the Birkhill Shales 
of S. Scotland and Ireland. It occurs associated with Gephalog. acuminatuSy 
Diplog. vesiculosusj Glimacog. scalaris var. noi^maliSf Gl. rectangvlans, Monog. tenuis, 
and Monog. gregarius. 

Gollections. — Sedgwick Museum, British Museum (Natural History), Lap worth, 
and the Authors. 



Group V. 

Glimacograpti in which the free edge of the theca is slightly inclined, and the 
apertural margins are thickened and produced into spines. 



Climacograptus tuberculatusy Nicholson. Plate XXVI, figs. 7 a — d. 

1869. Climacograptua tvherctdatus, Nicholson, Ann. Mag. Nat. Hist., ser. 4, vol. iv, p. 239. 

Polypary 1 — 2 cm. in length, widening fairly rapidly to a maximum breadth 
of 2 mm., which is then maintained up to the distal extremity ; proximal 
end adorned with two short, stout, curved or horizontal spines. Sicula 
unknown. ThecaB twelve to ten in 10 mm., alternate, free edges straight 
or with slight concave curvature, overlap small ; apertural margins situated 
in shallow elliptical depressions occupying one-fourth to one-third the 
width of the polypary, and having their lateral angles adorned with a 
linear series of tubercles. 

Description. — All known specimens of Gl. tuberculatus are poorly preserved. 

The polypary attains its maximum width fairly 

FiQ.l^a.— Climacograptus tuberculatus, - ^^ -, - i ax ^ •! i i . 

Nich. quickly ; proximally it is only O'o mm. wide, but this 

dimension is doubled within the first millimetre of 
length, and the same rate of increase is maintained. 
The spines at the base are shorter and stouter in 
proportion than those of Gl. bicomis, and they are 
commonly directed horizontally at first, though 
**• subsequently they may be slightly curved and 

Proximal end, showiiig thickening of directed somcwhat obliquelv downward. The vir- 

apertural margins and spines. ^ •^ 

?^«^,S ^}??'lf^^^ Birkhiu Shales, orella is couspicuous but Small. The so-called tubercles 

CoU. British Museum (Nat. Hist.). ° ^ 

on the lateral edges of the apertures are best seen 

28 
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Fio. 144 h, — Climacograpttu tuberculcUns, 
Nich. 



in the scalariform view of the polypary, and appear 
to be the thickened edges of the apertural margins 
which tend to be produced into short curved spines. 
This feature is conspicuous at the proximal end but 
is less marked at the distal extremity. 

Affi7iities. — Exception being made of the tubercles 
and the basal spines, the species resembles Gl. scalains 
in form, but the presence of these features should 
suflfice to distinguish it in all cases. From GL 
hicornis it differs in the characters of the spines and 
also in the number of thecae in the same unit of 
length. 

Horizon and Locality. — Highest Hartfell Shales 
(zone of Dicellog. anceps) and base of Birkhill Shales (zone of Geplmlog. acumiTiatus). 
8. Scotland : Dobb's Linn. 

Associates^ etc. — Gl. tuberculatus is a rare fossil in the beds at the junction of 
the Hartfell and Birkhill Shales in Dobb's Linn. It is associated with Gl. scalaris 
and Diniorphograptus sp. 

The type specimens are in the British Museum (Natural History). 




h. Distal thecm showing form of aper- 
tures. Ibid. 
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PLATE XXVI. 
Genus Climacograptus. 

FIGS. 

1 a — c. — ClimacograptuB scalarts (Hisinger). (Page 184.) 

1 a. Specimen showing proximal end. Belcraig Burn, S. Scotland. Upper Birkhill Shales. 

Hopkinson Collection, Sedgwick Museum. 
1 h. Incomplete specimen. Ibid. Elles* Collection. 

1 c. Larger specimen. Donaghadee, Ireland. Birkhill Shales. Elles* Collection. 

2 a — g. — Climacograpius sccUaris, var. nomuUis, Lapworth. (Page 186.) 

2 a. Tjpe specimen. Figured, Lapworth, Graptolites of Co. Down, 1877, pi. vi, fig. 31. 

Lower Birkhill Shales (zone of Cephalog, acuminaius), Dobb's Linn. Lapworth's 

Collection. 
2 h. Narrow specimen showing sicula. Ibid. Elles* Collection. 
2 c. Reverse view. Ibid. 

2 d. Long specimen. Ibid. H. Lapworth's Collection. 
2 6. Specimen with long distal virgula. Ibid. 
2/. Obverse view. Ibid. 

2 g. Specimen in low relief. North Cliff, Dobb's Linn. Lapworth's Collection. 

3 a — h, — Climacograpius scalaris, var. miserahilis, Elles and Wood, nov. (Page 186.) 

3 a. Complete specimen. Dobb*s Linn. Upper Hartfell Shales (zone of Dicellog, com- 

planaius). Lapworth's Collection. 
3 h. Incomplete specimen. Ibid. 
3 c. Specimen showing proximal end. Ibid. 
3 d. Ditto. Ibid. 
3 e. Ibid. 
3/. Narrow form (?) Upper Hartfell Shales (zone of Dicdlog. ancepa), Dobb*s Linn. 

Wood's Collection. 
3 g. Slender parallel-sided form, doubtfully referable to this variety. Ibid. Elles' 

Collection. 

3 h. Ibid. 

4 a—/. — Climacograptue medius, Tornquist. (Page 189.) 

4 a. Complete and typical specimen. Lower Birkhill Shales (zone of Diplog, vesiculosui). 

1 'obb*s Linn. Sedgwick Museum. 
4 h. Specimen which tapers more at the proximal end. Lower Birkhill Shales (zone of 

Diplog. veiiculosus) . Main Cliff, Dobb's Linn. Elles' Collection. 
4 c. Distal fragment. On same slab as fig. 4 a. 
4 d, Youug specimen preserved as a cast, showing incomplete septum. Fachdre Beds 

(zone of Dimorphograptus), Plas Pennant, Llanbrynmair. Wood's Collection. 

4 e. Young specimen, showing long virgella. Same slab as figs. 4 a and 4 c. 
4/. Ditto, showing two long proximal spines. Ibid. 

5 a — e, — ClimacograptuB rectangtUaris (M*Coy). (Page 187.) 

5 a. Type specimen in relief. Figured, M'Coy, British Palaeozoic Fossils, pi. i b, fig. 8 a, 

Birkhill Shales. Moffat. Sedgwick Museum. 
5 6. Cast of same. Fig. 8. 

5 c. Longer specimen, preserved in scalariform view. Ibid. Fig. 9. 
5 d. Small incomplete specimen. Birkhill Shales. Moffat. Sedgwick Museum. 

5 e. Ibid. 

6 a—/. — Climacograptue Tomqutsti, Elles and Wood, sp. nov. (Page 190.) 

6 a.? Specimen figured, Lapworth, as C. rectangularis, Graptolites of Co. Down, 1877, 

pi. vi, fig. 32. Dobb's Linn. Birkhill Shales. Lapworth's Collection. 
6 6. Smaller specimen, showing reverse view, on same slab as fig. 6 a. 
6 c. Larger specimen, showing tubular virgella. Dobb's Linn. Birkhill Shales. Lap- 

worth's Collection. 
6 d. Ditto, preserved in scalariform view. Ibid. 
6 e. Specimen with very long tubular virgella. Obverse view. Ibid. 
6/. Small well-preserved specimen, reverse view. Waterfall, Long Cliff, Dobb's Linn. 

Birkhill Shales. Lapworth's Collection. 



PLATE XKYl—coidimted. 

FIGS. 

7 a — df. — Olimacograptus tvherculatus, Nicholson. (Page 213.) 

7 a. Complete specimen, poorlj preserved. Dobb's Linn. Lower Birkhill Shales. 

British Museum (Natural History), S. Kensington. 
7 h. Ibid. 
7 c. Ibid. 

7 d. Ibid.? 

8 a—f. — Olimacograptus hicomia (Hall). (Pago 193.) 

8 a. Specimen in full relief ; obverse view. Dobb's Linn. Lower Hartfell Shales (zone 

of Climacog. Wilsoni), Elles* Collection. 

8 h. Slender specimen with small proximal spines. Kirkton Burn, Wanlock Head. Glen- 
kiln Shales. Lapworth's Collection. 

8 c. Long specimen. Glenkiln Bum." Lower Hartfell Shales (zone of Clinuicog. Wilsani), 
Wood's Collection. 

8 d, Scalariform view of specimen with stout spines. The Cornice, Hartfell. Hartfell 
Shales. Lapworth*s Collection. 

8 e. Specimen with very long slender spines. The Cornice, Hartfell. Hartfell Shales 

(zone of Climacog, Wihoni), EUes' Collection. 
8/. Ibid. 

9 a — c. — Olimacograptus hicomis, var. tridentatus, Lapworth. (Page 195.) 

9 a. Specimen with short virgella. Gleukiln. Glenkiln Shales. Lapworth's Collection. 
9 h. Specimen with three equally prominent spines. Wanlock Water. Glenkiln Shales. 

Lapworth's Collection. (The reverse side of this specimen is in the Sedgwick 
Museum.) 
9 c. Specimen with shoi-ter spines enclosed in prominent disc. Glenkiln. Gleukiln 
Shales. Lap worth's Collection. 

10 a — c. — Olimacograptus hicomis, var. peUifer, Lapworth. (Page 196.) 

10 a. Specimen with proximal spines enclosed in a small disc. Dobb's Linn. Upper 

Glenkiln Shales. Wood's Collection. 
10 6. Small specimen with large disc enveloping proximal end of polypary. Tiddyndicwm, 

N. Wales. Upper Glenkiln Shales. Sedgwick Museum. 

10 c. Typical specimen. Dobb's Linn. Glenkiln Shales. Lapworth's Collection. 

11 a — d. — Olimacograptus supernus, Elles and Wood, sp. nov. (Page 196.) 

11a. Typical specimen. Main ClifP, Dobb's Linn. Upper Hartfell Shales (zone of DiceUog, 
anceps). Wood's Collection. 

11 6. Ibid. Elles' Collection. 
11 c. Ibid. Wood's Collection. 

11 d. Specimen showing virgella and short spines. Ibid. 

12 a — d. — Olimacograptus Wilsoni, Lapworth. (Page 197.) 

12 a.* Typical specimen in partial relief. Main C/liff, Dobb's Linn. Lower Hartfell Shales 

(zone of Olimacog. Wilsoni). Lapworth's Collection. 
12 h. Specimen showing distorted position of sac. Ibid. 
12 c. Specimen with sac in normal position. Ibid. 
12 d. Long specimen in partial relief, sac broken off. Ibid. 

13. — Olimacograptus Wilsoni, var. tuhularis, Elles and Wood, nov. (Page 199.) 

13. Large specimen in relief showing long tubular virgella. l3obb'8 Linn. Lower Hartfell 
Shales (zone of Olimacog, Wilsoni). Lapworth's Collection. 
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PLATE XXVII. 

ClimaCOgraptOS — continued. 

FIQ8. 

1 a— ^. — Climacograptus minimus (Carnithers). (Page 191.) 

1 a. Complete specimen. Mount Benger Burn, S. Scotland. Hartfell Shales (zone of 

Fleurog. linearis), Lapworth*8 Collection. 
1 h. Smaller specimen. On same slab as fig. 1 a, 
1 c. Wider fragment. On same slab as figs. 1 a and 1 h. 
1 d. Distal fragment, showing virgular tube. Dobb's Linn (zone of P. linearis), EUes' 

Collection. 
1 e. Complete specimen, showing proximal end. Ibid. 
1/. Long specimen. Ibid. 

1 g. Smaller specimen. Ibid. 

2 a — f. — Climacograpius brevis, Elles and Wood, sp. nov. (Page 192.) 

2 a. Typical specimen, reverse view, showing sicula. Qwem-y-fed-fach, Builth. Llandeilo 

Beds. Sedgwick Museum. 
2 b. Specimen on same slab as fig. 2 a, 
2 c. Smaller specimen. Ibid. 
2 d. Complete specimen. Ibid. 

2 e. Young sjjecimen, obverse view, showing sicula. Dobb*s Linn. Hartfell Shales (zone 

of Pleurog. linearis), Elles' Collection. 
2/. Doi*sal view of wide specimen. Gwem-y-fed-fach, Builth. Llandeilo Beds. Elles* 
Collection. 

3 a—h. — Cliniacograptus lotus, Elles and Wood, sp. nov. (Page 204.) 

3 a. Typical specimen, obverse view. Main Cliff, Dobb's Linn. Upper Hartfell Shales 

(zone of Dicellog. anceps), Elles* Collection. 
3 h. Ibid. Wood's Collection. 
3 c. Small specimen. Ibid. Elles' Collection. 
3 d. Wide distal fragment. Ibid. Wood's Collection. 
3 e. Small specimen. Ibid. 
3/. Larger specimen. Ibid. 
3 g. Small narrow specimen, reverse view. Ibid. Elles' Collection. 

3 h. Larger specimen, doubtfully referable to this species. Ibid. Wood's Collection. 

4 a — e.— Climacograpius antiquus, Lapworth. (Page 199.) 

4 a. Typical specimen. Black Linn, Gleukiln. Glenkiln Shales. Lapworth's Collection. 
4 h. Large but incomplete specimen. Ibid. 

4 c. Narrower specimen. Kirkmichael Burn, S. Scotland. Glenkiln Shales. Lapworth's 

Collection. 
4 d. Specimen with prominent proximal spines. Oak Wood, Pontesford, Shropshire. 

Lower Bala. Lapworth's Collection. 

4 e. Ibid. 

5 a—/. — Climacograpius antiquus, var. lineaius, Elles and Wood, uov. (Page 201.) 

5 a. Small but complete s|>ecimen. Craigmichan Scaurs, S. Scotlanil. Upper Glenkiln 

Shales (zone of Dicellog, paiulosus). Lapworth's CoUection. 
5 h. Distal fragment. Ibid. 
5 c. Lonjj distal fragment, narrowed by compression. Llanystwmdwy. Dicranograptus 

Shales. Sedgwick Museum. 
5 d. Proximal end of specimen preserved in scalarifonn view. Ibid. 

5 e. Distal fragment. Ibid. 

5/. Distill fragment, not distorted. Ibid. 

6 a — d. — Clinuicograptus antiquus, var. hursifer, Elles and Wood, nov. (Page 201.) 

6 a. Typical specimen. Kirkmichael Bum, Dumfries. GienkUn Shales. Lapworth's 

Collection. 
6 h. Smaller specimen, showing distal prolongation of the virgula. On same slab as 

fig. 6 a. 
6 c. Specimen showing proximal end and sac. On same slab as figs. 6 a and 6 h, 
6 d. Small specimen with large sac. Same locality as figs. 6 a — c. 
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PLATE XXVn— continued. 

FIGS. 

7 a — c. — ClimacograptuB caudatus, Lapwortb. (Page 202.) " 

7 a, — Typical specimen with long yireella. Glenkilii Burn, Eirkmicbael, Dumfries. 

Hartfell bhales. Lapworth's Collection. 
7 h. Small specimen showing virgella and distal virgula. Ibid. 
7 c. Specimen showing tubiilar yirgella. Hartfell Spa. Ibid. 
7 d, l^pical form. Same locality as figs. 7 a aud 7 h. 

7 e. Specimen having a long proximal spine in addition to yirgella. Same locality as 

fig. 7 c. 

8 a—d, — Climdcograptus iuhtdiferus, Lapwortb. (Page 203.) 

8 a. Tjpi<^ specimen. Hartfell Spa. Hartfell Shales. Lapworth's Collection. 
8 b. Ditto, showing broad virgular tube. On same slab as fig. 8 a. 

8 c. Small specimen showing proximal end. Ibid. 

8 d. Larger specimen. Ibid. 

9 a— e. — Clinuieograptus styloideus, Lapwortb. (Page 205.) 

9 a. Typical specimen showing virgula with sac, scalariform view. Hartfell Spa. Hart- 

fell Shales. Lapworth's Collection. 
9 h. Distal fragment, snowing virgula and sac. Ibid. 
9 c. Proximal part. Ibid. 
9 d. Wide specimen. Ibid. 
9 e. Complete specimen, scalariform view. Ibid. 

10 a^c—ClinuicograpiuB innotatus, Nicholson. (Page 212.) 

10 a. Typical specimen. Dobb's Linn. Birkhill Shales (zone of Monog. gregarius). EUes' 

Collection. 
10 h. Small specimen showing thecal spines. Ibid. 
10 c. Long narrow specimen with few thecal spines. Dobb*s Liun. Birkhill Shales. 

Lapworth's Collection. 
10 d. Small specimen^ obverse view. Ibid. EUes' Collection. 

10 e. Ibid. 

11 a — e. — Climacograptua Hughesi (Nicholson). (Page 208.) 

11 a. Typical specimen in full relief. Ambleside, Lake District. Skelgill Beds. British 

Museum (Natural History), S. Kensington. 
lib. Compressed specimen, in relief. Skelgill. Skelgill Beds (zone of Monog, fimhriatua), 

Marr's Collection. 
11 c. Specimen iu the flat. Branch Linn, Dobb's Linn. Birkhill Shales (zone of M, 

gregarius). EUes' Collection. 
\1 d. Small specimen, cast. Skelgill. Skelgill Beds (zone of M. argenteus), Marr's 

Collection. 

11 6. Specimen preserved in the flat. Main Cliff, Dobb's Linn. Birkhill Shales. Elles' 

Collection. 

12 a — c. — Climacograptus minntvs, Carrutbers. (Page 211.) 

12 a. Complete specimen. Frenchland Bum, S. Scotland. Birkhill Shales. British 

Museum (Natural History), S. Kensington. 
12 6. Ibid. On same slab as fig. 12 a. 

12 c. Distal fragment. Ibid. 

13 a, h. — Climacograptus extremus, H. Lapwortb. (Page 210.) 

13 a. Typical specimen in full relief, reverse view. Rhyd Hir Brook, Ehayader. Rhayader 

Pale Shales (zone of Monog. crasstts). H. Lapworth's Collection. 

13 b. Ibid. 

14 a — e. — Climacograptus Scharenbergi, Lap worth. (Page 206.) 

14 a. T3rpical specimen, full relief. Dobb's Linn. Lower Hartfell Shales (zone of Climacog. 

Wilsoni). Lapworth's Collection. 
14 b. Large specimen in relief. Ibid. 
14 c. Specimen preserved in the flat, showing no zig-zag septum. Hartfell Spa. Lower 

Hartfell Shales (zone of Climacog. WUsoni). Lapworth's Collection. 
14 d. Small specimen preserved as a cast, showing very long virgula. Ibid. 
14 e. Small fragment. Pont Seiont, N. Wales. Upper Arenig Beds (zone of Didymog. 

bifidus), Sedgwick Museum. 
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